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s AN essential procedure in the medical evaluation of nutritional status 

there has been a need for a method of detecting subclinical stages of 
avitaminosis A. In the fourth paper of the series from the nutrition proj- 
ect in New York City, Dr. H. D. Kruse reports on the “Ocular Manifes- 
tations of Avitaminosis A, with Especial Consideration of the Detection 
of Early Changes by Biomicroscopy.” Presenting observations on the 
changes in the conjunctiva, the site affected earliest in the eye, the paper 
describes the lesions in various stages of development and severity, from 
very early to far-advanced. The biomicroscopic examination for the ini- 
tial and mild conjunctival changes permits detection of subclinical avita- 
minosis A. It is a simple, convenient, rapid, objective method. 

Dietary inquiries have indicated that inadequate intake of vitamin A 
is one of the more common dietary deficiencies. But evidence of wide- 
spread avitaminosis A, as determined from examination of persons, has 
not previously been presented. The paper presents data on the prevalence 
of this avitaminosis on a low-income group which bears out the indica- 
tions from dietary studies. It is also shown that recovery under intensive 
therapy is complete only after some months. 


Methods for the diagnosis of several nutritional deficiencies in their 
early or mild stages make it possible now to determine with a high degree 
of accuracy the prevalence and severity of some of the important defi- 
ciency diseases. In a report entitled, “Prevalence of Deficiency Diseases in 
Their Subclinical Stages,” from the cooperative investigation, Medical 
Evaluation of Nutritional Status, Dorothy G. Wiehl and H. D. Kruse 
have summarized the results of examinations on about 1,000 persons in 
New York City. The findings for persons of high and of low economic 
status are in sharp contrast; and the high prevalence of malnutrition in 
the low-income groups can leave no doubt as to the need for an intensified 
and improved effort against this public health problem. 
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Of the procedures proposed for detecting mild nutritional deficiencies, 
measurement of dark adaptation to determine the presence of night 
blindness is one that is receiving widespread attention. In “Dark Adap- 
tation of High School Students at Different Income Levels,” Eleanor P. 
Hunt presents from the cooperative nutrition study in New York City 
the second article which has described the experience in this Study with 
the adaptometer developed by Hecht and Shlaer. Visual threshold mea- 
surements for students from high and low socio-economic levels are com- 
pared; the problem of identifying threshold levels that can be considered 
unusual is discussed; and the various factors that may be associated with 
impaired vision under dim illumination are considered. 


Although methods for determining the hemoglobin level of blood are 
not new, there is surprisingly little information on the prevalence of 
anemia in general populations. Certainly adequate amounts of iron must 
be considered as essential to human health as adequate amounts of other 
food factors. There is need to improve our knowledge of the prevalence 
of iron deficiency, and the paper on “Hemoglobin Values in Pennsyl- 
vania Mass Studies in Human Nutrition” reports the findings from a sur- 
vey on an unusually large scale. The authors of this report, Pauline Beery 
Mack, Janice Minerva Smith, Catherine H. Logan, and Anne Theresa 
O’Brien, suggest that, in spite of the lack of specific hemoglobin stand- 
ards for adequate or optimal levels, there is unmistakable evidence of 
cases of poor nutritional status with respect to hemoglobin among per- 
sons who are presumably in good health. 


In “Contraceptive Service in Three Areas,” the second of two articles 
appraising birth control services in different sections of the United States, 
Dr. Regine K. Stix presents data on the experience of the patients after 
attending clinics in New York City; Cincinnati, Ohio; and Spartanburg, 
South Carolina. 

The policies of all three clinics were similar, and were typical of poli- 
cies of other contraceptive services. The single type of contraception usu- 
ally prescribed proved very effective for the patients using it, but the 
author believes that all services would be more effective if the present 
policies were modified to meet the special needs of individual patients. 

















MEDICAL EVALUATION OF NUTRITIONAL STATUS’ 


IV. THE OCULAR MANIFESTATIONS OF AVITAMINOSIS A, 
WITH ESPECIAL CONSIDERATION OF THE DETECTION 
OF EARLY CHANGES BY BIOMICROSCOPY 


H. D. Kruse, Mp. 


HIS paper, in the series on the medical evaluation of nutri- 
tional status with emphasis on the recognition of early im- 
pairment, presents a preliminary report of observations on 
ocular changes in avitaminosis A as seen in the gross and with the 
biomicroscope, and particularly the biomicroscopic examination of 
the conjunctiva as a means of detecting early avitaminosis A. 
When manifest ocular lesions of avitaminosis A were observed in 
a considerable number of persons in an adult group, the eye exam- 
ination not only in the gross but also by biomicroscope was extend- 
ed to the entire group. The principal manifestation was xerosis 
conjunctivae, often with mild xerosis corneae. The cases could be 
arranged in three main categories. In some there were gross ocular 
manifestations in the form of characteristic elevated spots, the so- 
called Bitot’s spots, a feature of advanced xerosis conjunctivae. 
Others showed less pronounced but unmistakable gross conjuncti- 
val changes without a spot; but much more by biomicroscope. 
Finally, some exhibiting very little if anything grossly, showed 
definite changes only by biomicroscope. The number of cases was 
sufficiently large to show all lesions as various stages in one process. 
Following administration of vitamin A as specific therapy, the 
conjunctival lesions in nine persons have now completely disap- 
peared, as judged by microscopic examination. In all others receiv- 


*This paper is the fourth of a series from a cooperative investigation by the United 
States Public Health Service, Division of Public Health Methods; the New York City De- 
partment of Health; the Cornell University Medical College, Department of Public Health 
and Preventive Medicine and Department of Pediatrics; and the Milbank Memorial Fund. 
Reprinted from United States Public Health Reports, June 27, 1941, 56, No. 26, pp. 1301-24. 

The cooperating agencies have been assisted in carrying out this investigation by the 
Work Projects Administration for the City of New York, Official Project No. 65-1-97-21, 
WP. 24, “Medical Evaluation of Nutritional Status.” 
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ing therapy, the conjunctival lesions have markedly receded, in 
many to the point of near disappearance. Those not receiving 
therapy have shown no improvement. 


DEscRIPTION OF GROUP AND PROCEDURES 


One hundred and sixty-six adults, 17 to 65 years of age were ex- 
amined for grossly elevated spots. Forty-five were white females; 
seven, colored females; 107, white males; and seven, colored males. 
The white individuals were from various racial stock. None regard- 
ed themselves as sick, and all attended work regularly. All except 
three received incomes ranging from $52-95 a month. 

Their eyes were examined prior to therapy. Twenty-three per- 
sons permitted only gross examination, but are included in the 
total for calculation of the proportion of gross spot cases. The others 
were examined with the biomicroscope as well as in the gross. Both 
types of examination were limited to the area of the bulbus exposed 
upon extreme rotation in many directions. In addition, the inside of 
the lower lid of some individuals was examined grossly, but the 
upper lid was not everted. 

Inasmuch as specific skin lesions have been reported as an early 
manifestation of avitaminosis A, the skin was examined in forty- 
seven persons with all grades of severity of ocular lesions prior to 
vitamin therapy. Solely for convenience, the skin examination was 
restricted to males among those listed for therapy. A brief history 
of ocular symptoms was likewise taken from these same individuals. 

For ascertaining the dietary requirements of vitamin A, dietary 
records were taken from a selected number representative of the 
various stages of the conjunctival lesion, as well as those not show- 
ing it. On most of the persons with lesions, adaptometer tests were 
conducted before, at various intervals during, and upon completion 

of therapy. The results on requirements and the correlation of con- 
junctival lesions with dark adaptation will appear in subsequent 
papers. 
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Because of the gravity of advanced conjunctival changes, all per- 
sons with fully developed, elevated Bitot’s spots were offered, even 
urged, to take therapy. A few refused for various reasons; they 
thus formed a control group for the advanced cases with spots. 

Of those individuals showing gross conjunctival changes without 
spots and those showing only microscopic changes, only a part re- 
ceived therapy. Cases were graded by severity into groups from 
which individuals to whom therapy was offered were selected at 
random so that twenty-three of seventy-eight persons received 
therapy. 

Therapy was instituted in one group on September 23 and in a 
second group on November 1, 1940, and consisted of 100,000 U.S.P. 
(International) units of pure vitamin A in four capsules of 25,000 
units each during the day. For the most part, the therapy was taken 
in the presence of the dispenser, during the five work days; for 
over the week-end a supply was given to be taken home. None of 
the individuals were advised of the nature of their ocular condition 
and its probable dietary basis. No change in diet was advised, in 
order that there would be no suggestion or encouragement to take 
other or additional supplements ex cathedra, or to modify dietary 
habits. 

A very few among those receiving therapy, as well as those not 
receiving therapy, have since become unavailable through depar- 
ture and could not be further followed. Through some whim, one 
or two stopped therapy. In all, sixty-one persons are still receiving 
vitamin A capsules; treatment has been discontinued on the nine 
now completely restored. Eye examinations have been conducted 
at intervals on the groups receiving and not receiving treatment; for 
the former these examinations have formed the basis for terminat- 
ing therapy. 

Ocu ar Sicns anp Lesions 1n Gross “Spor” Cases 

Of the one hundred and sixty-six persons examined, sixty-five 

(39 per cent) had one or more manifest spots. 
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For the most part, the manifest spot cases include the most ad- 
vanced cases. By manifest spots is meant grossly perceptible elevated 
conjunctival spots of distinctive color and characteristic location. 
Since these patients exhibited different phases of the advanced 
stage, the observations, both gross and microscopic, are most lucidly 
and succinctly presented by a composite description. (Figures 1 and 
2. These are described on pages 239 and 240.) 

Facing bright daylight but not sunlight, most “spot” cases 
showed definite photophobia and lacrimation most readily elicited, 
however, upon examination with the slit lamp. Almost all of these 
_ patients had previously been aware of these disturbances, but it is 
striking that so few had noticed the spots until called to their 
attention. 

The caruncle and plica semilunaris were usually swollen and en- 
gorged. In many instances the eyelids were swollen. The inferior 
fornix conjunctivae showed looseness, additional folds, and some 
congestion. 

The vascular network in the conjunctiva was conspicuous; ves- 
sels converged radially from the canthus and fornices towards the 
limbus. These are large, prominent, superficial vessels from which, 
by close inspection, numerous lesser branches may be seen to ramify 
and form a fine network. This vascular pattern is distinct, but what 
at first seems paradoxical, the vascular plexus appears less pro- 
nounced and extensive in the eyes with most severe conjunctival 
involvement. Often in these instances the large vessels seem to 
reach only half way to the limbus. 

Generalized changes varying with severity occurred in the bulbar 
conjunctiva. In bold outline one part may be elevated in bandlike 
form above the remaining conjunctiva. There is usually wrinkling 
or folds, frequently along the line of apposition of the bulbar with 
the upper margin of the lower palpebrum, although vertical cres- 
centic folds are sometimes seen near the inner canthus. In detail the 
surface shows further unevenness because the conjunctiva is raised 
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slightly over the vessels, leaving small shallow depressions in 
honeycomb pattern within the vascular outlines. 

In texture the conjunctival surface may be smooth or rough; in- 
variably it has diminished luster. Its color may be creamy, ivory, 
white, greenish-white, whitish-green, or bluish-milky, according to 
severity. Very frequently it is a yellowish orange, taupe, or gray 
brown with underlying whitish green, due to association with vas- 
cularization. In appropriate light the conjunctiva of the partially 
advanced cases showed opalescence; sometimes it was greenish 
yellow, sometimes amethyst, but most often it had a silvery or 
galena hue. 

Moreover, in seven cases pigmentation was seen as sharply local- 
ized deposits or as a narrow rim following the boundary of the lim- 
bus. This occurred only in the colored individuals, never in the 
white. 

Depending on the stage of severity, the conjunctiva showed 
changes in its transmission of light. In the most advanced cases, it 
was opaque. The color of the choroid shining through the sclera, 
indeed most of the vascular network, was completely obscured. 
Where there was opalescence, the conjunctiva was usually translu- 
cent. Frequently the superficial strata of an elevated area appeared 
as a transparent film, much as if a sheet of cellophane were super- 
imposed on an opaque conjunctiva. Less advanced cases showed 
various degrees of translucence or diminished transparency. 

That the conjunctiva is thickened may be inferred from the fol- 
lowing gross manifestations: The irregular surface with its band- 
like elevations; the very great depth to which light penetrates in the 
opalescent cases; the thick superficial transparent film. 

Uneven contour, diminished smoothness, lackluster, and wrin- 
kling of the surface, opalescence, localized pigmentation, thickness, 
changed color, and decreased transmission of light all characterize 
manifest xerosis conjunctivae. 

The large series of “spot” cases with lesions in various gradations 
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of development presented many intermediate stages of xerosis up 
to fully developed. In one zone of an eye, the changes may occa- 
sionally, in advanced stages, be of a similar degree over the entire 
area, but for the most part they do not occur uniformly. Because of 
what appears to be predilection in the site of progression, there are 
various topical patterns of color, thickness, and transmissibility. 
Frequently in the nasal zone the conjunctival thickening and 
opacity is limited to the third adjacent to the canthus. At the 
equator this may converge to a band which runs to the limbus. 
Thus, in the less advanced cases, the changes may be limited to a 
localized segment or band, but later they may extend over the entire 
zone with the band forming a superstructure. The most marked 
involvement is near both the canthus and limbus. 

The Bitot’s spot occurred as part of the same process of conjuncti- 
val change. It is a small localized area where the tissue change is 
most advanced. In the first classification of individuals the criterion 
was arbitrarily adopted that the area must be elevated above its sur- 
rounding tissue in order to be regarded as a Bitot’s spot. Its more 
pronounced color and opacity, as well as its elevation, gives it a 
rather well-defined border and makes it grossly distinguishable 
from the remaining altered conjunctiva. 

Almost always the spot was located at the junction of the equator 
and limbus. It was most frequently triangular with the base adja- 
cent to the limbus; but other shapes, such as oval, occasionally oc- 
curred. Its surface contour was various; flat, undulatory, ridge, and 
dome forms occurred about equally. In color the spot was usually 
white, creamy, yellow, or orange, and almost always it was opaque. 
It varied in the extent to which it was elevated above the rest of the 
conjunctiva. 

Among the large number of persons the spot was observed in 
various stages of formation; hence, the variability in size, elevation, 
and color. In general, the white spots were in the earlier stage of 
development, while the yellow or orange were in the advanced 
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stage. Just as the spot occurred in various stages of development, it 
was associated with various stages of change in the rest of the con- 
junctiva, but the latter was always less advanced. In the spot cases 
there was no gross opacity in the cornea. 

Considering both the entire conjunctival lesion and the spot 
jointly, the degree and extent of change were usually not the same 
in the two zones of the same eye. In eleven persons, one spot oc- 
curred; in nine persons, three spots occurred. When two eyes were 
involved, each with one spot in corresponding zones, nasal lesions 
were more frequent than temporal. Where spots occurred in all 
four zones, the nasal lesions were usually more advanced than the 
temporal. Here the similar zones of the individual’s two eyes, e.g., 
the nasal zones of both eyes, often but not invariably showed a like 
degree and extent of change. The distribution of cases according to 
number of spots was as follows: one spot, 11 persons; two spots, 31; 
three spots, 9; and four spots, 14. 

Biomicroscopic Examination. Illumination of the eye with the 
slit lamp brings out clearly any photophobia and lacrimation. 

Upon biomicroscopic examination the large superficial conjunc- 
tival vessels were seen to ramify into medium-sized vessels which in 
turn branched into fine vessels; these medium and fine branches of 
one vessel anastomosed among themselves and with those of an- 
other to form the network. If the conjunctiva is translucent, the 
vessels can be seen at several levels. Furthermore, the superficial 
vessels anastomose with deep vessels at various points besides the 
limbus. The superficial network is more extensive than the deep 
network. If the conjunctiva is opaque, the several strata of the super- 
ficial vessels, as well as the deep vessels, are completely obscured. 
The greater the impenetrability of the conjunctiva to light, the less 
prominent the vascular network; thus, paradoxically the more ad- 
vanced stages of the process appear to have less vascular involve- 
ment. All the superficial vessels are dilated and engorged, even in 
the early stages; this accounts for their gross prominence. Such 
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deep vessels as may be seen are usually likewise dilated and en- 
gorged. 

In avitaminosis A the vascular reaction at the limbus, while some- 
what similar in tendency to that in ariboflavinosis, shows distinct 
differences. In the “spot” cases the process instead of occurring all 
around the limbic circumference is limited to two arcs from 8 to 10 
and 2 to 4 o'clock. There is no plexiform tiering; the arcades, fail- 
ing proliferation, do not extend beyond one layer. This single tier 
of arcades is not continuous, for here and there anastomosis has 
failed so that there is an interrupted pattern. Thus it appears as a 
vascular serration with missing teeth. Furthermore, invasion of 
cornea by the capillaries was slight, negligible, or absent. Corneal 
opacity was relatively infrequent. This is not to say that in still 
more severe cases the vascular reaction at limbus might not be more 
pronounced. In present cases, however, it was less developed and 
extensive there than that seen in early ariboflavinosis. Although the 
avitaminosis A was in an advanced stage with its most pronounced 
conjunctival change adjacent to the limbus, the vascular reaction 
there was not of the same order. Unlike that in ariboflavinosis, it 
was most pronounced in the superficial vessels over the conjunctiva. 

Besides the vascular reaction in the grossly elevated “spot” cases, 
the biomicroscope reveals details of changes seen grossly, as well as 
those not seen grossly. The topography of the conjunctiva (surface 
contour) is seen to have areas of localized elevation in the form of a 
band, spot, or both. Wrinkling, observed grossly, is especially prom- 
inent under the biomicroscope, and is located at the line of apposi- 
tion of the superior border of the lower lid with the conjunctiva 
bulbi. Small conjunctival cysts when situated superficially may 
produce a bulge, but more often they are situated deeper. Localized 
pigment deposits as granules or powder may be seen in some cases. 

It is convenient to consider the observations on thickness and 
light transmission in an entire zone, and then in the spot. When 
part of the conjunctiva is seen to be elevated, increased thickness is 
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inferred. Elsewhere thickness may be determined through orien- 
tation with deep vessels. Where there are several layers of super- 
ficial vessels and opacity obscures the deeper superficial as well as 
the deep vessels, this may be misleading. Then some of the superfi- 
cial vessels are apt to be mistaken for the deep, and increased thick- 
ness may not be recognized. In almost all instances where a spot 
was present, there was increased thickness of the conjunctiva over 
most of that zone. 

In the biomicroscopic examination of the conjunctiva it is pos- 
sible to recognize with slit-lamp illumination three main degrees 
of transmission of light: transparency, translucency, and opacity. 
Since the conjunctiva was always examined under tension from 
rotation of the eye, any diminution of transmission was minimized 
rather than exaggerated. A transparent conjunctiva illuminated 
diffusely permitted the scleral landmarks and deep vessels to be 
seen distinctly. Under focal illumination the conjunctiva itself ap- 
peared as a moderate suspension of fine flakes in a clear medium. 
When translucence prevailed, by diffuse illumination the scleral 
landmarks and deep vessels were seen indistinctly as through frost- 
ed glass, or were almost completely obscured. By focal illumination 
the conjunctiva presented a uniformly dense suspension of opaque 
flakes in a turbid medium; with the gradations in translucence there 
was considerable variability in the size of the flakes, the turbidity of 
the medium, and the density of the suspension. With opacity, the 
conjunctiva by diffuse illumination was impervious to light and 
deep vessels were not visible. Here focal illumination added little 
to recognition. 

Transmission of light was frequently not uniform for the entire 
area of a zone. For example, on the equator at the midpoint there 
may be punctate opacities which under indirect illumination are 
shown to be isolated flocculent clumps. Nor was transmission al- 
ways uniform throughout the depth of the conjunctiva. The super- 
ficial layers of the conjunctiva were often more transmissive than 
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the deep. By diffuse illumination the larger deep vessels were palely 
outlined as though frost-covered. Thus, the translucence appears to 
be mainly in the deep conjunctival layer, or, with the upper layer 
transparent or translucent, the deep vessels—and probably also the 
deeper rami of the superficial vessels—may be entirely obscured. 
Here the opacity is restricted to the deep layers with their surface 
having a cottony appearance. 

Accordingly, in classifying the transmissiveness of the conjunc- 
tiva with reference to these two strata, the following categories were 
used: Tr Tl, Tl Tl, Tr O, T1 O, OO. As may be readily recognized, 
Tr, Tl, and O are abbreviations for transparent, translucent, and 
opaque, respectively. The first character of the symbol for each 
category refers to the superficial conjunctival strata; the second 
character to the deep. It should be cautioned that where the deep 
conjunctival layers are less transmissive than the superficial—as in 
TrTl, Tr O, or Tl O—an extensive superficial vascular network 
may be mistaken for the deep, increased conjunctival thickness may 
be overlooked, and an erroneous conclusion reached. 

In a zone with a spot, all degrees of transmission were observed 
in the rest of the conjunctiva. As might be expected, when the spot 
is in the earliest stage of development, there is least change in the 
remaining area; when the spot is more fully developed, there is 
general zonal opacity. 

The spot itself, as seen microscopically, shows changes more pro- 
nounced than elsewhere in the conjunctiva. Viewed by diffuse illu- 
mination, it may exhibit scattered dots of opacity; by either focal 
or indirect illumination these are seen to be due to isolated clumps 
of flocculent material. When farther advanced, the opaque mass 
may comprise a dense coalescence of flakes with loose aggregates 
around its border. Developed still more, the spot may appear either 
gelatinous or horny. 

In a few instances where gross examination revealed a spot char- 
acteristic in all respects except that it did not project above the 








= Fi ew —_— — 


]l- 


ys 
$$ 
es 
er 


if- 


ne 








‘Medical Evaluation of Nutritional Status: Part IV 217 


adjacent surface, it was possible by microscope to confirm its iden- 
tity and to determine whether it was at all elevated. Then, too, in 
some zones the microscope detected very early opaque spots which 
were not grossly perceptible. Actually, both these types are true 
spots in the very early stages, but they are not included in the fore- 
going data on the number of persons with spots or on the zonal 
distribution of spots. 


INDIVIDUALS WITHOUT MANIFEsT Spots 


The conjunctivae of seventy-eight individuals without manifest 
spots were also examined grossly and microscopically. Presenting 
many gradations, the observed changes extended over a wide range. 
Profound gross alterations were seen throughout some zones, 
never as advanced as in most severe “spot” cases but definitely more 
pronounced than in early “spot” cases. The most advanced showed 
extensively the characteristic color changes, lackluster, and opacity. 
Gross nonelevated spots were observed occasionally at the junction 
of the equator and limbus. Some persons exhibited only the charac- 
teristic superficial vascular network in the conjunctiva. On the 
whole, the “nonspot” group showed less intensively any of the 
characteristic conjunctival changes than did the manifest spot 
group. Indeed, in the mildest stage little or nothing may be seen 
grossly; the initial changes may be revealed definitely only by bio- 
microscopic examination. 

In practice it was convenient to classify all the “nonspot” cases ac- 
cording to the severity and extent of involvement on the basis of 
microscopic findings. Severity was judged by the degree of light 
transmission with transparency, translucency, and opacity repre- 
senting progressively advancing stages. Where transmission dif- 
fered in the superficial and deep conjunctival layers, that in the 
latter was regarded as decisive. Classification into the three main 
groups was determined by the most severe state predominating in 
any one zone. Then subgrouping according to extent was based on 
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the number of zones showing preponderantly the same condition. 

Certain manifestations were noted in association with particular 
stages. Usually light transmission was in inverse proportion to the 
thickness of the conjunctiva. The vascular network, as seen micro- 
scopically, is least extensive and complex in pattern in the transpar- 
ent conjunctiva. It appears to be more extensive and elaborate in 
translucent conjunctivae than in opaque. In opaque conjunctivae 
the network may seem to be as inconsiderable as in transparent con- 
junctivae. This is because the opacity obscures most of the network 
which in actuality is most extensive and elaborate. 

In the seventy-eight “nonspot” persons, the microscopic observa- 
tions on light transmission through the conjunctivae revealed all 
stages over a broad range. Seventy-seven of them had diminished 
transmission in one or more zones. Thus, 99 per cent of the “non- 
spot” group showed definite signs of avitaminosis A. Twelve per- 
sons showed only marked translucence in one or two zones. Judged 
by less strict criteria, which excludes these twelve persons, sixty-five 
(83 per cent) of the “nonspot” group had marked translucence in 
three or four zones, or opacity in one or more zones. 

Of the 143 persons examined with the biomicroscope, 45 per cent 
had manifest spots (gross) and another 54 per cent had distinct 
characteristic microscopic changes. By the method of classification 
which includes grouping of the “nonspot” cases according to the 
degree of light transmission, 45 per cent of the persons had one or 
more spots, 31 per cent had one or more opaque zones, and 23 per 
cent had one or more markedly translucent zones as determined by 
microscopic examination. It should be noted that Bitot’s spot is 
merely one stage in manifest xerosis conjunctivae. In some of the 
“nonspot” group, among a number of those presenting opaque 
zones upon microscopic examination, the xerosis was of such sever- 
ity that it was also grossly perceptible. 

CHANGES ON THERAPY 
Upon administration of 100,000 I.U. vitamin A daily to both 
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“spot” and “nonspot” cases, regardless of severity, the initial changes 
detectible by microscope were the same. There was diminution of 
engorgement in the superficial network with vessels still dilated. 
The circulatory stream did not fill the vessel and its flow was slow; 
then there was granular circulation followed by beaded or empty 
vessels. The latter were seen as shadow vessels. With this retardation 
in flow or disappearance of the stream, the vessels diminished in 
size. In most instances these vascular changes took place first in that 
half of the conjunctiva which borders on the cornea. Soon thereafter 
the entire conjunctiva, which may have been translucent or opaque, 
became gradually thinner and more transparent. With diminution 
in thickness of the conjunctiva, cysts and superficial wrinkling are 
not infrequently seen as transient manifestations. The clearing in 
the medium advances while recessive changes in vessels are con- 
tinuing, yet vessels may seem more numerous because many previ- 
ously obscured by opaque medium now become visible. Gradually 
the spot diminishes in size, becomes perceptible as an opacity only 
by microscope, and finally disappears. If the treatment is complete, 
the conjunctiva becomes smooth, thin, lustrous, much less vascular- 
ized, and highly transparent or very slightly translucent. 

In persons with gross lesions, several weeks after beginning repair 
had been followed by microscopic examination, signs could also be 
recognized by simple inspection. Perhaps the earliest improvement 
grossly perceptible was in lessened photophobia and lacrimation. 
Later it was noted that the conjunctiva had changed from opaque 
white to translucently bluish; at first slight and only in a small area, 
then gradually increasing in extent and completeness. The decreas- 
ing thickness and increasing clarity of the conjunctiva permit the 
choroid shining through the sclera to be seen. For a time Bitot’s spot 
may appear more prominent because its borders are more sharply 
outlined and its opacity is cast into sharper contrast by the clearing 
in the adjacent, somewhat less severely affected conjunctiva. Gradu- 
ally the spot diminishes in size and disappears. The swelling in the 
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caruncle and lids recedes. Finally, upon complete recovery, the con- 
junctiva has a bluish-milk shade and has taken on a noticeable luster 
and sparkle which enliven the eyes and impart an animated expres- 
sion to the face. 

It should be noted that the criteria of complete recovery are rigor- 
ous since they are based on microscopic observations: slight trans- 
lucency and thinness of the conjunctiva with inactivity in or absence 
of an excess vascularity. After receiving therapy for eight months, 
one person with spots has been completely restored and discharged. 
In all others with spots, the conjunctiva has become less vascular, 
thinner, clearer, and more lustrous. The spots are much diminished 
in size; in many no longer grossly elevated; in some detectible only 
by microscope. Of the persons with “nonspot” lesions, eight have 
been fully restored and discharged. Naturally, since the “nonspot” 
lesions are usually less severe, more in this group were among the 
first to show complete recovery. Nevertheless, they have required 
not less than six months’ intensive therapy. 

In both groups those who have not received therapy have shown 
no improvement. 

Following the full recovery of those still receiving therapy, there 
will be a more complete report. 

The results of the adaptometer tests, under rigid conditions of test 
and with specially calibrated instruments, will be published soon 
in a preliminary report. At this time it may be said that only a few 
very high values were found in the total range for the entire group. 
Not all persons with most advanced xerosis showed high levels, nor 
were high levels restricted to those with most pronounced xerosis. 

Discussion 

The ocular manifestations of avitaminosis A are xerosis conjunc- 
tiva, including Bitot’s spot, and xerosis corneae with subsequent 
corneal turbidity, ulcer, and keratomalacia. There is a very extensive 
bibliography dating back over one hundred years on the nomencla- 
ture, etiology, and pathogenesis of the conjunctival and corneal 
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changes, as well as their interrelation, but its presentation will be 
reserved for a later paper. Yet it is worth while to mention here that 
all these manifestations in the order enumerated are regarded as 
successive stages of one process. 

Since the present study pertains only to the initial stages, it is ap- 
propriate to cite briefly some of the original observations on the con- 
junctival lesions. Although the first description is usually attributed 
to Bitot (4) in 1863, Cohn (5) cites sixty prior references to the con- 
dition dating back to 1803. 

During this time it was known by various names. Some of these, 
such as xerophthalmos (6), xeroma (7), conjunctiva arida (8), and 
dry conjunctiva (9), expressed the dryness so often present in the 
pronounced stage. 

Several authors preferred to stress the primary nature of the 
lesion. Accordingly, from its histogenic character, they denoted it 
under the descriptive names of cuticular conjunctiva (10), Ueber- 
hautung der Conjunctiva (11), Hautbildung der Bindehaut (12), 
skinning over the conjunctiva (9). These terms are highly expres- 
sive of its histogenic nature and gross appearance, what is today 
called the metaplastic character of the epithelium. 

Then von Ammon (13), more concerned with differentiating its 
etiological independence of an inflammatory process than in de- 
Noting its essential character, proposed the name of xerosis con- 
junctivae. In a footnote, he explained: “Xerosis (7 Enpwsts), das 
Trocknen, Austrocknen. Der Herausgeber hofft, dass dieser Name 
durch die Beschreibung und Charakterisirung der Krankheit sich 
rechtfertigen wird. Er hat die bekannteren Worter, Xerophthalmos 
oder Xeromma (v. Enpos und oppa), deshalb nicht gewahlt, weil 
die Grichen, da, wo sie dieses Wort gebrauchen, hiermit die in Folge 
der Entziindung der Bindehaut oder anderer Theile des Auges 
entstehende Trockenheit dieses Organs bezeichneten.” But the 


choice was not fortunate inasmuch as it was still vague and mis- 
leading. 
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Later Bitot (4) described the conjunctival lesions as epithelial 
strata or plaques assuming various shapes, but he gave them no 
name. Subsequent to his publications, several of his contemporaries 
referred to them as Bitot’s spots, a name which has since gained 
some currency. 

At the present time there is no satisfactory nomenclature express- 
ing the true nature of the lesion. Unfortunately, it still retains the 
designations xerophthalmia and xerosis conjunctivae which are 
open to misconception because dryness is not its primary or most 
significant characteristic and is recognizable only in pronounced 
cases. Moreover, xerophthalmia is not specific for the conjunctival 
stage since it includes xerosis corneae as well as xerosis conjunctivae. 

To some extent Bitot’s spots are mentioned in the literature, but 
such an eponymic designation is not to be recommended. Besides, it 
applies only to a very particular stage of the conjunctival lesion. Of 
the three terms still in vogue, xerosis conjunctivae is perhaps the 
least objectionable to denote the conjunctival lesion, but it should 
carry a connotation of the fundamental nature of the lesion. 

Xerosis conjunctiva, and the more advanced stage xerosis corneae, 
were reported in association with a series of diseases and were at- 
tributed to numerous causes. Within two years of Bitot’s observa- 
tion, Gama Lobo (14) asserted that xerosis occurring in Brazilian 
slaves resulted from lack of suitable and sufficient food. In the next 
year Blessig (15) noted that the xerosis appeared preponderantly 
during the seven-week Lenten fast and receded thereafter. He in- 
sisted that it was the consequence of a nutritional disturbance which 
was not simple inanition, and suggested lack of nitrogenous sub- 
stances. Calling attention to the severe disturbance of the general 
nutritive condition so frequently observed with the eye lesions, 
Forster (16) in 1877 inclined to the view that “nutritive deficiency” 
was responsible for the ocular changes, comparable to such trophic 
disturbances as decubitus and diabetic gangrene. Shortly thereafter 
de Gouvéa (17) declared that xerophthalmia is a natural conse- 
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quence of the general nutritional disturbance caused by chronic 
progressive anemia which resulted in part from heavy labor and an 
insufficient and deficient diet. In the same year Thalberg (18) re- 
ported the occurrence of keratomalacia in infants nursed by moth- 
ers who gave sufficient milk but were anemic or debilitated by pro- 
longed fasting. Likewise, Schoeler (19) in 1887 observed the ocular 
lesions in adults who were on restricted or unbalanced diets. 

From 1866 to 1904, twelve reports appeared on the successful use 
of liver or cod-liver oil internally for xerophthalmia (20). In treat- 
ing more than 1,500 infants with xerosis conjunctivae, Mori (1904) 
(21) found immediate and specific response to cod-liver oil. Since 
their diets contained little fat, and they responded to liver oil, he 
attributed the ocular lesions to inadequate fat. He advanced this 
hypothesis despite his lack of success with sesame or olive oil. 

In 1906 Falta and Noeggerath (22), feeding rats on a “purified” 
diet, noted the development of a conjunctivitis in the course of their 
general nutritive decline. Reproducing these results in a further in- 
vestigation of this possible relationship between the conjunctival 
disease and diet, Knapp (23) in 1909 drew the interesting conclu- 
sion that the eye disorder was due to a specific dietary deficiency of 
an unknown substance. Then came McCollum and Davis’ (24) 
demonstration that growth was not possible in rats restricted to a 
standard ration unless a substance contained only in certain fats 
(fat-soluble A) was included. Shortly, Osborne and Mendel (25, 
26) pointed out that inflamed and purulent eyes appeared in ani- 
mals on diets deficient in the fat-soluble vitamin, one source being 
cod-liver oil, and disappeared upon administration of it. 

Whereas the preceding observations revealed a deficiency of fat- 
soluble A as the cause of an eye disease, but did not identify the latter 
with xerophthalmia; other investigations next showed that the 
ocular disease induced experimentally by a deficient diet was really 
xerophthalmia, but did not recognize and identify the missing diet- 
ary factor as fat-soluble A. Using a diet complete in calories and 
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known constituents but deficient, as they knew, in certain other un- 
identified indispensable substances, Freise, Goldschmidt, and Frank 
(27, 28) asserted that they had experimentally produced keratoma- 
lacia. They placed it among the deficiency diseases, but their experi- 
ments did not permit them to characterize the deficiency. 

Impressed by the low fat content in the diets of his xerophthalmic 
patients and the striking efficacy of cod-liver oil in an epidemic in 
Denmark during World War I, Bloch (29), though cognizant of 
McCollum’s results, subscribed to Mori’s theory of fat deficiency as 
the cause of the eye disorder. McCollum and Simmonds (30) there- 
upon enunciated the view that xerophthalmia in human beings and 
in rats was analogous, representing a deficiency in vitamin A. They 
said: “We feel confident that these cases of xerophthalmia reported 
by Mori and Bloch should be looked upon as a ‘deficiency disease’ 
not hitherto recognized in its true relation to diet. It is not, as these 
authors believe, a ‘fat starvation’ which produced the condition, but 
a lack of the unidentified dietary factor, fat-soluble A, which occurs 
in just those foodstuffs which they observed to possess curative 
properties.” 

Night blindness is another ocular manifestation reported as ap- 
pearing in avitaminosis A. Literally it is failure or imperfection of 
vision at night or in dim light. There is an older and more extensive 
recorded history for night blindness than for xerosis. Among the 
views on its etiology, the nutritional was based on dietary inquiries 
or observations on effective therapeutic agents. 

In old Chinese medicine, chicken or sheep liver was highly 
recommended as a specific for night blindness; and among the 
home remedies, chicken-liver extract in honey was popular (31, 32). 
In 1859 Graefe (33) designated insufficient and poor food as a con- 
tributory factor in its causation. Following Bitot’s contention that 
xerosis and night blindness were associated as parts of the same 
process, it might be expected that both would be attributed to the 
same cause and that therapy found effective for one would be used 
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for the other. But, in the main, developments in views on their 
cause did not proceed in parallel. 

Some of the early investigators who put forward the hypothesis 
of a nutritional etiology of xerosis did not mention any associated 
night blindness, nor even suggest that the same cause might be re- 
sponsible for both (16, 18, 19). On the other hand, several of their 
contemporaries reporting that night blindness appeared under con- 
ditions of poor nutrition, as in prisons (34, 35) and after long fasts 
(36), presented it as an independent entity. From 1863 to 1910 there 
appeared a series of reports on the beneficial effects of cod-liver oil 
or liver for night blindness: in one or two xerosis was mentioned 
but with skepticism or uncertainty over any relationship to night 
blindness; in most, xerosis was not mentioned; in some, scurvy was 
cited as a significant associated manifestation (37, 20). Epidemic 
night blindness was stated by a few to be a consequence of faulty 
diet, particularly an imbalance (37); one specified fat deficiency 
(38). 

It is true that Blessig (15) in 1866 charged both xerosis and night 
blindness to a nutritional disturbance occasioned perhaps by a de- 
ficiency of nitrogenous substances. Krienes (37) in 1896 attributed 
concurrent essential night blindness and xerosis to the same causes, 
of which one was nutritional disturbance. Groenouw (39) in 1904 
mentioned the simultaneous occurrence of the two signs on long 
voyages where the diet was unsatisfactory. Furthermore, de Gouvéa 
(17) in 1883 and Mori (21) in 1904 reported that both conditions re- 
sponded to cod-liver oil. Accordingly they stated that the two mani- 
festations had a common cause; the former suggested improper and 
insufficient food; the latter specified a fat deficiency. These were 
clear exceptions to the trend to consider night blindness apart from 
xerosis. 

Even during the period from 1913 to 1917 when vitamin A was 
discovered, when the occurrence of xerophthalmia in A-deficient 
animals was observed, and when xerosis in persons was found to be 
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a manifestation of avitaminosis A, any relationship of night blind- 
ness to these developments was not at once demonstrated. Perhaps 
the reason lies in the course of events peculiar to night blindness. 
Very early it was reported as occurring alone and also in association 
with numerous diseases. In classifying its appearance under many 
circumstances the earliest distinction was between idiopathic or epi- 
demic and symptomatic. In 1881 Parinaud (40) suggested that 
night blindness is dependent on a disturbance of the visual purple 
in the retina. Treitel (41) in 1885 concluded that it is characterized 
essentially by a disturbance in dark adaptation. In turn, this was 
attributed to involvement of the visual purple in the rods. 

With the development of several instruments, dysadaptation was 
found to result from many circumstances; and all the while the 
classifications of night blindness increased in number and kind. 
Commenting on the unsuccessful attempts to unify the concepts of 
night blindness, Birch-Hirschfeld (42) summed up the status in 
1917: “The chief difficulty in explaining the nature of night blind- 
ness rests on the fact that we are dealing with a symptom rather 
than a uniform disease produced by a particular etiology.” He pre- 
sented a classification based on eleven causes, each with a different 
mechanism affecting visual purple. ‘Thus it came to be believed that 
there were several kinds of night blindness. Acute epidemic or essen- 
tial night blindness was regarded as due to dietary deficiency. Dur- 
ing World War I, however, there were epidemics attributed to 
nondietary factors. Furthermore, it was pointed out that night 
blindness and dysadaptation were not synonymous, that disturb- 
ance in the transmissive mechanism, apart from the receptive tissue, 
could bring about night blindness by preventing effective operation 
of the visual purple. 

In 1915 Wietfeld (43) suggested that essential or epidemic night 
blindness might be due to a lack of vitamins. Upon curing this form 
with carrot juice or liver, Zak (44) in 1917 stated that it was a mani- 
festation of avitaminosis, although his studies did not permit him to 
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decide whether it was an independent disease or a symptom of 
scurvy. Hift (45) laid great emphasis on the concurrence of night 
blindness and scurvy. At the same time Birch-Hirschfeld (42) like- 
wise specified vitamin deficiency as one of the primary influences in 
the pathogenesis of night blindness, citing scurvy, beriberi, and 
keratomalacia as examples without identifying the relation of night 
blindness. In 1923 Popovitch (46) suggested that it resulted from a 
deficiency in the fat-soluble vitamin since therapeutically active 
substances were rich in it. By testing the ability of rats to jump off a 
table in a dim light, after previous exposure to bright sunlight, 
Holm (47) demonstrated that vitamin A deficient rats had devel- 
oped a well-defined night blindness. The administration of vitamin 
A to them resulted in a disappearance of symptoms. At the same 
time Fridericia and Holm (48) reported that vitamin A deficient 
rats placed in the dark after exposure to light showed a retarded re- 
generation of visual purple. Thus one form of night blindness, with 
dysadaptation due to impaired regeneration of visual purple, was 
linked with avitaminosis A. 

Very largely on the basis of the latter studies (47, 48), night blind- 
ness came to be regarded also as the earliest sign of avitaminosis A. 
Of the delay in regeneration of visual purple, Fridericia and Holm 
said: “This symptom is an early one, being manifested as soon as 
the growth of the young rat stops and earlier than the onset of 
pronounced xerophthalmic symptoms.” Even more emphatic was 
Holm: “The hemeralopia in the experimental-rats could be de- 
tected soon after the alimentation on food without fat-soluble A had 
begun, .... at a stage where it was impossible to perceive any other 
sure signs of avitaminosis except a slight failure to increase normally 
in weight.” 

This view that night blindness is the earliest sign of avitaminosis 
A gained ready acceptance in clinical medicine. In a text-book (49) 
on the clinical manifestations of avitaminoses, it is said: “ 
den sie eine besondere Trias, die allerdings beim gleichen Indivi- 
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duum nicht immer gleichzeitig, sondern meist in einer bestimmten 
zeitlichen Reihenfolge: Hemeralopie- Xerophthalmie-Keratoma- 
lacie, angetroffen wird.” Several reasons probably contributed to 
this acceptance. Although originally the simultaneous presence of 
two or all three of the signs in the same person finally came to be 
noted, there was no common agreement at that time on the sequence 
of events. Subsequently knowledge concerning night blindness de- 
veloped separately. Within the past 25 years there have been numer- 
ous recorded epidemics of night blindness. In that time there have 
been few or no reports on any high incidences of xerosis conjunc- 
tivae, although there have been recorded outbreaks of xerosis cor- 
neae and keratomalacia in which xerosis conjunctivae, alone, as the 
initial change, must certainly have been present earlier. Emphasis, 
however, was placed on the more severe stage, keratomalacia; in- 
deed xerophthalmia more and more came to connote more strictly 
the corneal stage. As an advanced stage, its subsequence to night 
blindness was not questioned. Furthermore, night blindness was de- 
tected because of patient’s complaint; but in xerosis conjunctivae, 
since visual acuity is not markedly affected, the patients are usually 
not concerned over the symptoms until inquiry directs attention to 
them. 

When night blindness was said to be the earliest sign, it came to 
mean that it is a manifestation of mild avitaminosis A, either too 
short in duration or insufficiently severe in degree to produce 
xerophthalmia (50). This view gave fresh impetus to tests for dark 
adaptation as a means of detecting avitaminosis A, particularly the 
subclinical stage. With technical improvements it became possible 
to measure small deviations in dark adaptation. Since manifest 
night blindness was regarded as the earliest ocular sign of avitami- 
nosis A, these small changes were understandably interpreted as a 
still earlier stage of the disturbance. All this has strengthened the 
notion that night blindness, or dysadaptation, is the earliest change. 

Nevertheless, when the entire record of events is carefully con- 
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sulted, it is proper to raise three questions: Is night blindness a speci- 
fic manifestation of avitaminosis A? Can night blindness result 
from vitamin A deficiency alone? Is night blindness the earliest 
sign of avitaminosis A? Each has a bearing on the usefulness of the 
adaptometer as a means of detecting subclinical avitaminosis A. 
The first two questions, however, may be considered jointly. 

By almost every investigator of epidemic night blindness, from 
the very earliest to the more recent, its onset has been attributed to 
overexposure to bright light (4, 17, 33, 35-40, 42, 47, 48). Its occur- 
rence predominantly among workers exposed to the sunlight for 
long hours, day after day, as in the fields and at sea, was at once sug- 
gestive and convincing. In accord with it were the observations that 
night-blind patients experienced no difficulty in seeing in early 
morning although it was much darker than in the evening (17, 48). 
Throughout the course of expanding and shifting views on the 
etiology of night blindness, investigators continued to lay stress on 
light; most of them designated it as the determining or precipi- 
tating influence. Deficient diet was regarded until recently only as a 
contributory factor. Other evidence added support to the view that 
light was a significant influence. For many years the standard treat- 
ment for night blindness was confinement in a dark room for 48 
hours, or the use of dark glasses. The prompt efficacy of this treat- 
ment gave substance to the views about the influence of light in the 
causation of night blindness. 

On the experimental side, it should be recalled that Fridericia 
and Holm succeeded in inducing night blindness and dysadapta- 
tion in vitamin A deficient rats only after exposing them to intense 
sunlight for several hours daily over a period of several weeks and 
then to artificial light for 20 minutes prior to the test (47, 48). Holm 
declared (47) : “Hemeralopia does not develop through lack of fat- 
soluble-A-vitamin alone; it is necessary also that the individuals be 
much exposed to light.” It may well be that actinic rays have an 
aggravating effect on avitaminosis A; it should be borne in mind 
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that such a reaction has been noted in ariboflavinosis and pellagra. 
In any event, all these observations are pertinent to any considera- 
tion of the prevalent view that vitamin A deficiency alone produces 
night blindness as a specific manifestation. They also raise the ques- 
tion whether the present procedure in the tests for dysadaptation 
would permit detection of it in the subclinical stage. 

The place of night blindness in the sequence of ocular manifes- 
tations is a matter fundamental to the early detection of avitamin- 
osis A. When all circumstances are taken into account, it is quite 
possible that night blindness may not be the earliest ocular change. 
Reexamination of the very early records brings out the uncertainty 
in the matter and at the same time indicates the advisability of giv- 
ing fuller consideration to xerosis conjunctivae. It is well to recall 
that one hundred years ago clinicians seeking signs for early detec- 
tion of the syndrome debated this very question of whether night 
blindness or xerosis conjunctivae is earlier. There was marked di- 
vergence of opinion, but the evidence supported equally well, if not 
preponderantly, the priority of xerosis. For one thing, in Bitot’s 
series of cases, the conjunctival spots occurred without night blind- 
ness. Besides, in some cases night blindness appeared only after the 
xerosis was far advanced. Bitot regarded xerosis as the herald of 
night blindness. 

Although the recorded epidemics of night blindness in which 
xerosis was not mentioned have doubtless favored acceptance of 
night blindness as the earliest manifestation of avitaminosis A, the 
view really hinges on the animal experiments of Fridericia and 
Holm (47, 48). It should be noted that when they stated (48) that 
dysadaptation preceded pronounced xerophthalmic symptoms, 
they meant that dysadaptation preceded corneal involvement, 
which is an advanced or late stage. Furthermore, when Holm (47) 
stated that night blindness developed in the rats before any per- 
ceptible signs of avitaminosis except retardation in growth, he was 
judging by three signs not recorded for man: enophthalmus, loss 
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of ciliary hair, and a peculiar lacrimal secretion. He did not men- 
tion looking for xerotic changes in the conjunctivae other than to 
state that because of physical conditions it is impossible to produce 
Bitot’s spots in rats. Certainly on the basis of neither study can it be 
said that night blindness precedes xerosis conjunctivae. In fact, the 
observations, both clinical and experimental, would seem to cast 
some doubt on the validity of the prevalent view that night blind- 
ness is the first ocular sign of avitaminosis A. 

Present-day work does not dispel this doubt. In studies on adap- 
tation with sensitive equipment, often the validity of the data on 
avitaminosis A has not been supported by therapeutic evidence. In 
other instances it has been shown that small differences supposedly 
representing improvement from vitamin A therapy were probably 
learning responses or instrumental artefacts (51, 52, 53). 

This background would seem to warrant reopening the question 
whether xerosis or night blindness is the earlier manifestation. 
While the old observations serve to revive the issue, they cannot 
settle it. Then both conditions were diagnosed only in their ad- 
vanced stages and in a way—xerosis by gross examination and night 
blindness by history—which is inconclusive on the point of priority. 
For this it is necessary to have observations with sensitive instru- 
ments on early dysadaptation and xerosis, noting their concurrence 
or order of appearance. With the calibrated adaptometer and the 
biomicroscope, this became possible. In the present study dysadap- 
tation did not precede the xerosis conjunctivae. Indeed, dysadapta- 


tion was not specifically correlated with the degree of conjunctival | 


change. 

It is generally accepted that characteristic lesions in the eye are 
not the only changes in avitaminosis A, nor are they regarded as 
the first. However, the intimation that skin lesions, under such 
varied names as follicular hyperkeratosis, phrynoderma, and xero- 
derma, represent the initial manifestation (54), finds no support 
from histopathological studies on experimental animals. In the 
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“spot” cases of the present study, only occasionally were possible 
dermal lesions noted; then they were so indefinite as to be question- 
able. None were seen in persons with less severe eye lesions. In the 
entire series, therefore, gross cutaneous did not precede ocular 
changes. 

In suggesting biomicroscopic examination of the eye as a means 
of detecting early avitaminosis A, it is not meant to imply that the 
ocular lesion is the sole, the first, or the most important change. 
Xerophthalmia is not synonymous with avitaminosis A. Histo- 
pathological examinations on both humans and animals have 
shown that avitaminosis A is characterized by widespread epithelial 
changes throughout the body, for example, the respiratory, para- 
ocular, and renal, as well as the ocular organs (55, 56, 57). Wolbach 
and Howe (56) have stated that xerophthalmia is not the earliest 
manifestation of avitaminosis A in the rat. For human beings there 
is very little evidence on what is the initial site and the sequence of 
sites undergoing change. 

Nevertheless, among the organs showing early change, the eyes 
are a favorable site for detecting vitamin A involvement, for they 
are accessible to observation or test. There is another point of ad- 
vantage: the initial lesion in the eye occurs in the conjunctiva. In- 
spection for gross changes, including Bitot’s spots, may be used in 
screening advanced cases, which may be subgrouped, if desired, 
according to the number of zones affected. Biomicroscopic examin- 
ation detects subgross changes of all gradations which may be clas- 
sified according to severity and extent. Hence, by combined gross 
and microscopic examinations, it is possible to determine all stages 
of xerosis and thus to grade the avitaminosis A. 

Especially does the biomicroscopic examination of the bulbar 
surface present several additional advantages: (1) it shows the 
early changes in the conjunctiva—site of the initial ocular lesion in 
avitaminosis A—that are not visible grossly; (2) it is a rapid, con- 
venient, and objective method for detecting the very early avita- 
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minosis A; (3) it permits a simultaneous examination of the limbus 
and cornea for early ariboflavinosis, from which avitaminosis A is 
easily differentiated; (4) it provides a much-needed means for as- 
certaining the dietary requirements for both vitamin A and ribo- 
flavin..: 

In the present study, the examination of conjunctivae both grossly 
and biomicroscopically shows a high prevalence of avitaminosis A 
in this low-income group. It is so high as to seem at first glance 
almost incredible, but it is substantiated on several grounds. 

In reporting on a national dietary survey Stiebeling and Phipard 
stated (58): “Taking 6,000 International Units per day as the 
allowance for the adult man, . . . it is estimated that the lowest 
25 per cent of the diets [for all of the white families represented by 
the study] furnished 2,000 or less International Units a require- 
ment unit a day, and the lowest 75 per cent, less than 4,500 Interna- 
tional Units a day.” In the cities of the North Atlantic region, 
including New York City, they found that in the group with a 
weekly per-capita expenditure for food between $1.25 and $1.87, 67 
per cent had less than 2,000 International Units, 20 per cent had 
between 2,000 and 3,999 Units, and 9 per cent between 4,000 and 
5,999 Units. At least 90 per cent were thus receiving less than the 
estimated required amount of vitamin A. In the present study, the 
prevalence of avitaminosis A in the comparably low-income group 
was more than go per cent.’ These figures strikingly bear out the 
dietary data while the latter, in turn, account for the high preva- 
lence, suggesting that dietary deficiency was largely responsible. 

In addition, it is not at all unlikely that in some instances other 
factors contributed to the prevalence. For example, it is conceivable 
that certain acute illnesses disturbing the vitamin A economy may 
have brought on the avitaminosis or accentuated existing lesions so 


* A lower prevalence would be expected in higher income groups. Upon examination 
of 25 adults in a medium income group, 16 showed definite conjunctival changes. Five 
persons in the group had gross spots. It is more than likely that avitaminosis A is one of 
the more commonly occurring deficiency diseases and is present in a considerable propor- 
tion of the population. 
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that in convalescence even an abundant amount of the essential in 
the diet would not be sufficient for rapid restoration. With a slightly 
inferior diet recovery would not be complete for an indefinite 
period. 

Furthermore, with manifest conjunctival lesions in 45 per cent 
of the persons, a sizeable number with less pronounced changes 
visible only with the biomicroscope would be expected. But above 
all, the response of the affected persons to the specific therapy attests 
to the actuality of avitaminosis A in so large a proportion of the 
group. 

Upon administration of therapy, recession is similar in type to 
that in ariboflavinosis: obliteration of vessels and dissipation of 
opacities. The striking feature, however, is the very long period re- 
quired for complete recovery, a matter of months even with therapy 
of high potency. This is reasonable considering that when the eyes 
show such profound change, many epithelial structures throughout 
the body are known to be simultaneously affected. Restoration of 
all this epithelium takes time. 

These results indicate that complete recovery from this deficiency 
disease is not so rapid as it is popularly reported. This protracted 
recovery, even with high dosage of vitamin A, also casts a signifi- 
cant light on therapeutic practice in avitaminoses. Currently it is 
often asserted that adequate diet corrects deficiency diseases. In a 
sense this is true if time is no consideration. But if therapy of high 
potency brings about complete recovery only after an extended 
period, an optimum diet might be expected to require a very much 
longer time. It seems necessary to take the view that persons affected 
with deficiency diseases need intensive specific therapy for most 
rapid recovery. Obviously, an optimum diet should be instituted for 
its supplementary nutritive value, its protection against outbreak 
of other deficiencies, and for establishment of satisfactory dietary 
practice by the patient. Then when therapy is withdrawn upon re- 
covery, the satisfactory dietary habits suffice for maintenance. 
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The use here of 100,000 I.U. of vitamin A daily is not to be con- 
strued as a recommendation or precedent that this amount is neces- 
sary for maximum rapid therapeutic results. In the present study it 
was essential to administer an amount that would ensure maximum 
response. It is certain that tissues have critical rates of response and 
that doses in excess of the amounts satisfying those rates have no 
further effect. It is common experience that effective therapeutic 
dosage for an avitaminosis is at least five to six times the mainten- 
ance requirement. Actually, therefore, it may be that daily levels of 
vitamin A between 25,000 and 50,000 I.U., for example, will be 
found sufficient to produce maximum therapeutic response. That 
is to be determined. 


SUMMARY 


Of 143 persons in a low-income group, 45 per cent had gross and 
another 54 per cent had microscopic ocular lesions characteristic 
of avitaminosis A. The ocular condition was xerosis conjunctivae. 

Following administration of vitamin A as specific therapy to a 
part of the group, the conjunctival lesions in nine persons have now 
completely disappeared, as judged in all instances by biomicro- 
scopic examination. In all others receiving therapy, the conjunctival 
lesions have markedly receded to the point of near disappearance. 

In all cases the striking feature is the very long period of time 
required for complete recovery, a matter of months even with 
therapy of high potency. 

Those persons not receiving therapy have shown no improve- 
ment. 

It is suggested that xerosis probably precedes night blindness as 
an early sign of avitaminosis A. 

For detection of early avitaminosis A in surveys, the biomicro- 
scopic examination is recommended as a simple, convenient, ob- 
jective method. When it is combined with gross examination, all 
degrees of xerosis may be graded according to severity and extent. 
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The marked prevalence of avitaminosis A in this low-income 
group, objectifying and validating previous dietary data, suggests 
its relatively frequent occurrence in the population at large. 
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EXPLANATION OF FIGURES 


Fic. 1. 1st Row, Person A; 2nd Row, Person B. On each row 
from left to right, the zones are presented in the following order: 
right temporal, right nasal, left nasal, and left temporal. In each 
instance the eye has been rotated to expose more completely the 
particular zone under discussion. 

3rd Row, the first two illustrations are the right and left eye, re- 
spectively, of Person B. The third and fourth illustrations are the 
right and left nasal zone, respectively, of Person C, with the eyes 
rotated temporally. Persons A and B have a spot in each zone, i.e., 
the nasal and temporal zones of both eyes; C only in each of the 
nasal zones. They also form a descending series in severity. 


Fic. 2. 1st Row, Person D; 2nd Row, Person E; 3rd Row, Per- 
son F. On each row from left to right, the first two pictures show 
the right and left eye, respectively. The third and fourth illustra- 
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tions are of the right and left nasal zone, respectively, with the eyes 
rotated temporally. 

Spots may be seen in all of the nasal zones of each eye in this 
series: the rows form a descending series in severity. 


The entire series, including both Figures 1 and 2, shows a diminu- 
tion in the pigmentation of the lesions from Person A to Person F. 
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MEDICAL EVALUATION OF NUTRITIONAL STATUS® 


Vv. PREVALENCE OF DEFICIENCY DISEASES IN THEIR SUBCLINICAL STAGE 


Dorotuy G. WiEHL AND H. D. Kruse, M.D. 


ITH the development of methods for diagnosing nu- 

tritional deficiencies while the condition is in a very 

early or mild stage, it becomes possible to determine 

the prevalence of such deficiency diseases in various groups of the 
population. The frank or fully developed deficiency diseases, such 
as pellagra, scurvy, and beriberi, which can be diagnosed by usual 
clinical methods, occur to some extent in the United States, but 
data from extensive and careful analyses of American diets have 
provided important, though inferential, evidence that a very large 
number of persons are malnourished with respect to one or more 
essential food elements. Research in recent years has disclosed the 
bodily changes which result from insufficient amounts of some of 
the specific nutrients when deprivation has not been severe enough 
to produce frank deficiency diseases. For a few of the subclinical 
changes caused by specific deficiencies, diagnostic procedures are 
now available which can be used for surveys of large groups of per- 
sons to determine the prevalence of mild cases of deficiency diseases. 
From an investigation in New York City on Medical Evaluation 
of Nutritional Status, which is a cooperative study conducted by the 
Cornell University Medical College, the Milbank Memorial Fund, 
the New York City Department of Health, and the United States 
Public Health Service, with assistance from the WPA, some data 
on prevalence of four nutritional deficiencies are presented in this 
report. In this Study, which has been described (1), emphasis has 


> This paper is the fifth of a series from a cooperative investigation by the Cornell Uni- 
versity Medical College, Department of Public Health and Preventive Medicine and De- 
partment of Pediatrics; the Milbank Memorial Fund; the New York City Department of 
Health; and the United States Public Health Service, Division of Public Health Methods. 
The cooperating agencies have been assisted in carrying out this investigation by the 
Work Projects Administration for the City of New York, Official Project No. 65-1-97-21, 
W. P. 24, “Medical Evaluation of Nutritional Status.” 
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been placed on the appraisal of procedures, and in the two years 
during which examinations have been made, new tests have been 
added to the procedures as they became available. For the present 
report results of examinations for avitaminosis A, ariboflavinosis, 
anemia, and low ascorbic acid levels in blood plasma are tabulated 
for those persons in the Study who received all or nearly all of the 
tests for these deficiencies. 


D1acnostic PRocEDURES 


Avitaminosis A reported here is based on changes in the con- 
junctiva detected by an examination with a biomicroscope under 
slit-lamp illumination. The examination and criteria for pathologi- 
cal changes have been fully described in another report (2) from 
this Study. Cases are classified in three stages according to the de- 
gree of light transmission: (1) those with minimum change, show- 
ing definite translucency; (2) those with somewhat more advanced 
change, characterized by opacity; and (3) cases in which opaque 
areas are thickened to the point of elevation, termed spot cases. Con- 
junctival alteration may be present in either the nasal or temporal 
zone, or both, of either or both eyes, and the case is classified accord- 
ing to the most advanced stage noted in one or more zones. 

Ariboflavinosis cases are diagnosed on the basis of keratitis dis- 
closed by a biomicroscopic examination with slit-lamp illumination 
(3, 4). Persons showing only vascular arcades around the limbus 
have not been counted as deficient, but those with capillaries noted 
as having extended into the cornea in one or both eyes have been 
counted as cases of ariboflavinosis. The cases are subdivided into 
three groups as follows: (1) those with short “twigs” in cornea of 
either eye or each eye; (2) those with 1 to 4 capillary “streamers” 
in cornea of either eye or each eye; and (3) those with 5 or more 
“streamers” in either eye or each eye. 

The determination of the amount of hemoglobin in the blood to 
select persons with anemia was based upon the colorimetric deter- 
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mination of oxyhemoglobin by the Evelyn method, using the pho- 
toelectric colorimeter (5). 

Ascorbic acid level of fasting plasma was determined on a macro 
sample by the photoelectric colorimeter method (6), based upon 
the reduction of 2:6 dichlorophenol-indophenol. The evidence on 
vitamin C nutrition derived from plasma ascorbic acid differs in 
its significance from the evidence on vitamin A, riboflavin, and 
iron. For the latter three, the examination reveals changes which 
have been produced over a period of time by subnormal nutrition, 
whereas plasma vitamin C may vary within a short time, or from 
day to day, and does not necessarily reflect the nutritive state of 
the body with respect to vitamin C. 


Persons EXAMINED 


Examinations on high school students from families of low in- 
come and of relatively high income furnished the major part of the 
data in this report. 

The low-income group is from Seward Park High School, in the 
lower East Side district of Manhattan. Examinations were made in 
the winter of 1940-1941 on about 500 pupils, most of whom were 
examined for all four deficiencies mentioned above. The economic 
status of the families of these pupils is revealed in Table 1, which 


Table 1. Weekly income reported by families with children who were exam- 
ined in Seward Park High School in the winter of 1940-1941. 











I Per Cent oF Noumper or FamIzies 
NCOME Status 
ToraL Wits Incomzs KNown 
Aut FaMIies 100.0 473 
Relief 
WPA 8.9 42 
All Other 12.3 58 
Non-Relief 
Less Than $20.00 10.1 48 
$20.00—$34.99 40.2 190 
$35.00 and Over 28.5 135 
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gives the weekly income reported to a home visitor, who usually 
interviewed the child’s mother. Twenty-one per cent of the families 
were receiving assistance; either a member of the family had work 
relief, or the family was receiving some type of aid from a pri- 
vate or public relief agency. Nearly 30 per cent of the families 
had an income from earnings of $35 or more per week, leaving 
about 50 per cent with less than $35 per week and not on relief. The 
families are predominantly Jewish, and parents of the examined 
students were largely foreign born. Most of the non-Jewish children 
were of Italian parentage, one or both parents being foreign born. 

The high-income group includes about 350 pupils in a private 
school in New York City, the Fieldston School of the Ethical Cul- 
ture Schools. Children in this group were examined in the early 
spring of 1940 and did not have an examination of the conjunctiva 
for avitaminosis A. For nearly all pupils in this group, data are 
available on hemoglobin values, plasma ascorbic acid, and keratitis. 

During the period from July, 1939 to May, 1941, hemoglobin 
values and plasma ascorbic acid levels have been determined for 136 
persons employed by the WPA, and for a few more, one of the 
determinations was made. In addition, 138 such employes received 
an eye examination to detect the presence of keratitis, and 143 re- 
ceived an examination to discover conjunctival changes charac- 
teristic of avitaminosis A. In relatively few instances did the same 
person receive all four of these tests. 


PREVALENCE OF THREE DEFICIENCIES IN A HicH-INcoME Group 


Among the pupils in the high-income group, few persons showed 
evidence of a dietary deficiency of ascorbic acid, iron, or riboflavin. 
Prevalence rates for deficiencies in each of these nutrients are given 
in Table 2. None of the boys was found to have hemoglobin values 
significantly low* and none showed vascularization of the cornea 


* No accepted and generally approved standards for satisfactory hemoglobin values for 
boys and girls between 12 and 20 years of age are available. Tentative standards used here 


(Continued on page 245) 
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isin PercenTAGE or TOTAL Noumser ExaMinep 
OF 
Finpinecs oo Boys | Girls +e Boys | Girls 
ASCORBIC ACID IN PLASMA 

Toran 100.0 | 100.0 | 100.0 342 178 164 
0.00-0.39 mg. % 2.9 3-9 1.8 10 7 3 
0.40-0.59 mg. % 2.6 2.8 2.4 9 5 4 
0.60-0.99 mg. % 21.3 24.7 17.7 73 44 29 
1.00 or More mg. % 73-1 68.5 78.0 250 122 128 











HEMOGLOBIN CLASSIFICATION 





ToraL 100.0 | 100.0 | 100.0 336 175 161 
Below ‘‘Standard’’! 1.5 ° 3.1 5 ° 5 
Standard or Higher 98.5 | 100.0 96.9 331 175 156 





KERATITIS——ARIBOFLAVINOSIS 





Tora 100.0 | 100.0 | 100.0 354 183 171 
Vessels in Cornea ‘3 ° 4:7 8 ° 8 
No Corneal Invasion 97:7 | 100.0 95-3 346 183 163 




















1 For standards for hemoglobin used, see footnote 2. 
Table 2. Prevalence of three nutritional deficiencies among high school students 
from high-income families in New York City. 


under slit-lamp examination. Plasma ascorbic acid levels less than 
0.6 mg. per cent were found for 6.7 per cent of boys. Among girls, 
some cases of each deficiency were diagnosed. Hemoglobin values 
less than 12.0 grams per 100 cc. of blood were found for 5 girls, or 
3.1 per cent; all had mild anemia with hemoglobin values between 
10.0 and 12.0 grams. Examination of the cornea showed eight girls, 
or 4.7 per cent, had vascularization characteristic of a mild ribo- 
flavin deficiency; and plasma ascorbic acid levels were less than 
0.6 mg. per cent for 4.2 per cent of the group. 


were derived from a special analysis of this high-income group and take account of both 
chronological and physiological age. The values used for a minimum level were: for boys, 
under 13 years of age, 12.0 gms. per 100 cc.; 13 years and older, with no pubic hair, 12.0 
gms.; with sparse pubic hair, 12.8 gms.; with moderate or abundant pubic hair, 13.5 
gms.; for all girls, 12.0 gms. Changes in hemoglobin levels by age during adolescence 
have been described (7) and, in a later report, a detailed analysis of the relation of physi- 
ological development to changes in hemoglobin levels will be presented. 
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All of the girls showing one of these deficiencies had all three 
tests, and in no case was there a multiple deficiency. Thus, among 
161 girls with all three tests, there were twenty, or 12.4 per cent, 
with one deficiency. Results of all three tests are available for 336 
boys and girls, and 9.5 per cent showed evidence of a nutritional 
deficiency in either iron, ascorbic acid, or riboflavin. 


PREVALENCE OF Four DEFICIENCIES IN A Low-INCOME GRouUP 


The prevalence of four nutritional deficiencies among the pupils 
from low-income families is shown in Table 3, and the rates are 
strikingly different from those for the high-income group with the 
exception of that for low hemoglobin values. The percentage of 
children showing some stage of avitaminosis A was 86.6; the per- 
centage with mild ariboflavinosis was 75.8; the percentage with 
plasma ascorbic acid less than 0.60 mg. per cent was 49.9; and the 
percentage with hemoglobin values below the assigned minimum 
was 3.3. Boys more frequently than girls were found to show rela- 
tively advanced stages of these deficiencies except iron. Thus, 
among boys examined for avitaminosis A, 9.4 per cent was in the 
“spot case” class and among girls, there was 5.6 per cent; keratitis 
with 5 or more capillary “streamers” in the cornea was found in 
10.8 per cent of boys and 4.2 per cent of girls; and the comparative 
percentages for boys and girls with plasma ascorbic acid below 0.60 
mg. per cent were 55.6 and 42.3, respectively. Anemia, on the other 
hand, was more prevalent among girls; but, for both sexes, the few 
cases considered subnormal were only slightly below the minimum 
hemoglobin levels. 

When comparisons are made between rates for the total preva- 
lence of each deficiency disease, the proportions in each according 
to severity should be borne in mind. The cases of avitaminosis A and 
ariboflavinosis each have been arbitrarily classified into three stages; 
but the gradations of severity of one deficiency are not equivalent to 
those of the other. For example, stage 3 of avitaminosis A repre- 
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PeRceNnTAGE OF ToTAL Noumper ExaMIneD 
CiassiFICATION 
OF 
Finpincs — Boys | Girls on = Boys | Girls 
CONJUNCTIVAL CHANGE—AVITAMINOSIS A 
ToraL 100.0 | 100.0 | 100.0 494 278 216 
Spot Case 77 9.4 5-6 38 26 12 
Opacity 41.3 40.6 42.1 2.04 113 91 
Marked Translucency 
3-4 Zones 33-4 | 345 | 32-9 || 165 96 69 
1-2 Zones 43 3-6 5-1 21 Io II 
No Marked Translucency 13.4 11.9 15.3 66 33 33 
KERATITIS—ARIBOFLAVINOSIS 
Toran 100.0 | 100.0 | 100.0 495 279 216 
5 or More Streamers 7-9 10.8 4.2 39 30 9 
1-4 Streamers 34-7 32.3 38.0 172 go 82 
Twigs Only 33-1 32.6 33-8 164 91 73 
No Corneal Invasion 24.2 24.4 24.1 120 68 52 
ASCORBIC ACID IN PLASMA 
ToraL 100.0 | 100.0 | 100.0 425 241 184 
0.00-0.39 mg. % 32.0 34.0 29.3 136 82 54 
0.40-0.59 mg. % 17.9 21.6 73.0 76 52 24 
0.60-0.99 mg. % 25.2 24.1 20.6 107 58 49 
1.00 or More mg. % 24.9 20.3 31.0 106 49 57 
HEMOGLOBIN CLASSIFICATION 
Tora 100.0 | 100.0 | 100.0 425 241 184 
Below ‘‘Standard”’! 3-3 2.5 43 14 6 8 
Standard or Higher 96.7 97-5 95-7 411 235 176 




















1 For standards for hemoglobin, see footnote 2. 


Table 3. Prevalence of four nutritional deficiencies among high school students 
from low-income families. 


sents a more advanced stage of xerosis than stage 3 of ariboflavinosis 
does of keratitis. 

With such high proportions of these high school students defi- 
cient in vitamin A, riboflavin, and ascorbic acid, it is obvious that 
many had multiple deficiencies. In fact, if only vitamin A and ribo- 
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Boys Grris 
Derictenctzs* 
No. Per Cent No. Per Cent 

Toran 241 100.0 184 100.0 
4: A+R+C+ Iron I 0.4 4 2.2, 
3: AFR+C 83 34.4 42 22.8 
A+R-+ Iron 2 0.8 ° ° 
A+C+ Iron 2 0.8 ° ° 
R+C+ Iron ° ° I 0.5 
2: A+R 77 32.0 66 35-9 
A+C 27 Ir. 16 8.7 
A+ Iron ° ° I 0.5 
R+C 13 5-4 II 6.0 
R+ Iron ° ° I 0.5 
C+ Iron I 0.4 I 0.5 
rA 17 72 24 13.0 
R 7 2.9 14 7.6 
Cc 7 2.9 3 1.6 
None 4 1.7 ° ° 

















1A is vitamin A, R is riboflavin, C is vitamin C (ascorbic acid.) 


Table 4. Percentage of students in low-income group who had specified com- 
binations of deficiency diseases. 


flavin are considered, two-thirds (66.2 per cent) of the 494 child- 
dren receiving both examinations showed evidence of both defi- 
ciencies; and only eighteen, or 3.6 per cent, had neither deficiency. 
When all four deficiencies are considered for the 425 children with 
both eye examinations and blood analyses, only four (all boys) 
were free of any deficiency. The frequency of various combinations 
of deficiencies is shown in Table 4. Since there were few persons 
with low hemoglobin, there could be very few who had all four 
deficiencies, but it is interesting that four of the eight girls who 
were deficient in iron were also deficient in the three vitamins. The 
percentage for three deficiency cases was 36.0 among boys and this 
was 50 per cent higher than the prevalence of three deficiency cases 
among girls. Conversely, 22 per cent of the girls and 13 per cent of 
the boys had a single deficiency. 
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PREVALENCE OF SPECIFIC DEFICIENCIES AMONG WPA EmpLoyeEs 


The percentages of employes of the WPA who showed specific 
deficiencies are given in Table 5. This group had an age range of 
17 to 65 years, but the great majority were between 25 and 50 years 


of age. 


Conjunctival change indicative of avitaminosis A was observed 


Table 5. Prevalence of four nutritional deficiencies among adults employed 












































by WPA. 
anata PgrcentaGE or ToTaL Noumser ExaMineD 
OF 
Finpincs = “ Males | Females em on Males |Females 
XEROSIS CONJUNCTIVAE—AVITAMINOSIS A 

Toran 100.0 | 100.0 | 100.0 143 99 44 
Spot Case 45-5 $2.5 29.5 65 52 13 
Opacity 31-5 30-3 34-1 45 30 15 
Marked Translucency 

3-4 Zones 14.0 10.1 22.7 20 10 10 

1-2 Zones 8.4 7-1 11.4 12 7 5 
No Marked Translucency 0.7 ° a5 I ° I 

KERATITIS—ARIBOFLAVINOSIS 
Torau 100.0 | 100.0 | 100.0 138 gz 46 
Vessels in Cornea 38.4 37-0 41.3 53 34 19 
No Corneal Invasion 61.6 63.0 58.7 85 58 27 
ASCORBIC ACID IN PLASMA 
Toran 100.0 | 100.0 | 100.0 165 104 61 
0.00-0.39 mg. % 39.4 49.0 23.0 65 51 14 
0.40-0.59 mg. % 15.8 16.3 14.8 26 17 9 
0.60-0.99 mg. % 24.2 2.4.0 24.6 40 25 15 
1.00 or More mg. % 20.6 10.6 37-7 34 II 23 
HEMOGLOBIN LEVEL 

Toran 100.0 | 100.0 | 100.0 138 79 59 
10.0-11.9 gms. 3.6 1.3 6.8 5 I 4 
12.0-13.9 gms. 30.4 6.3 62.7 42. 5 37 
14.0 or More 65.9 92.4 30.5 91 73 18 
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in 142 of 143 persons examined with a slit lamp. The more advanced 
changes, classified as “spots,” were observed in sixty-five, or 45.5 
per cent, of the group. This may be compared with 7.7 per cent of 
“spot cases” among the high school pupils in the low-income group, 
and it is evident that the adult group was much more seriously de- 
ficient in vitamin A. The prevalence of “spot” cases among the men 
was nearly eighty per cent higher than among the women. 

Slit-lamp examination for keratitis of 138 persons showed that 
38.4 per cent had a riboflavin deficiency. There was no significant 
difference in the prevalence for men and women. The records for 
this group did not permit classification of the stage of keratitis com- 
parable to that used for the high school group; but the total preva- 
lence of 38.4 per cent is only slightly more than one-half that found 
in the low-income group of high school pupils. 

Plasma ascorbic acid levels were less than 0.60 mg. per cent for 
ninety-one of 165 adults, or 55.2 per cent. As in the high school 
groups, low ascorbic acid values were more prevalent among men 
than among women, 65.3 per cent as against 37.8 per cent. 

A hemoglobin level below standard was the least frequent de- 
ficiency observed among this adult group, but it was somewhat 
more prevalent than among either of the two high school groups. 
Among the women, 6.8 per cent had less than 12.0 grams of hemo- 
globin per 100 cc. of blood, and 7.6 per cent of men had values 
below 14.0 grams. 

Multiple deficiencies must have been common among these 
adults. Since the prevalence of avitaminosis A was nearly 100 per 
cent, the majority must have been deficient also in riboflavin or 
vitamin C. 
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MEDICAL EVALUATION OF NUTRITIONAL STATUS’ 


VI. DARK ADAPTATION OF HIGH SCHOOL CHILDREN 
AT DIFFERENT INCOME LEVELS 


ELEanor P. Hunt 
INTRODUCTION 


ARK adaptation measurements have been widely used to 
detect night blindness which may be an ocular expression 
of an avitaminosis A. The term, night blindness, means 

impaired vision under dim illumination. Its sign is a relative visual 
failure evidenced by an elevated threshold at light intensities which 
although low are within the normal range of human visibility. 

A variety of factors has been found to alter visual sensitivity. 
Threshold elevation accompanying lack of vitamin A in the diet or 
its faulty utilization has been found experimentally in a number of 
subjects (31, 9, 10, 2, 1). Stewart reported reduction of threshold 
level by vitamin C therapy (29). Visual sensitivity is reduced by 
depression of the oxidative process in the central nervous system in 
anoxia and hypoglycemia (18). Elevated threshold may result also 
from hereditary abnormality of the retinal rods and ocular patholo- 
gies such as opacities of the cornea and lens and lesions of the retina, 
choroid, and optic nerve (16). 

Night blindness due to lack of vitamin A appears to be corre- 
lated not only with intraretinal changes but also with changes in 
the intermediary and central parts of the visual apparatus and cen- 
tral nervous system. Fridericia and Holm (6), Tansley (30), and 
many later investigators have stressed the association of night blind- 
ness during avitaminosis A with reduced regeneration of photo- 


*This paper is the sixth of a series from a cooperative investigation by the Milbank 
Memorial Fund; the New York City Department of Health; the United States Public 
Health Service, Division of Public Health Methods; and the Cornell University Medical 
College, Department of Public Health and Preventive Medicine and Department of 
Pediatrics. 

The cooperating agencies have been assisted in carrying out this investigation by the 
Work Projects Administration for the City of New York, Official Project No. 65-1-97-21 
W. P. 24, “Medical Evaluation of Nutritional Status.” 
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sensitive pigment in the retina. Recently Moore and Sykes (21), 
have described the correlation of cerebrospinal fluid pressure with 
night blindness and papilloedema in calves on a vitamin A defi- 
cient diet. Night blindness followed by papilloedema was preceded 
by an increase in cerebrospinal fluid pressure. Richards and Irving 
(25) reported very early lesions due to vitamin A deficiency in the 
optic tract and medulla in rats which were gaining in weight and 
showed no outward signs of avitaminosis A. It appears from these 
reports and others that night blindness in avitaminosis A cannot be 
entirely explained on the basis of photochemistry of the receptor 
cells and that a broader interpretation is required which takes cog- 
nizance of correlated events in extraretinal parts of the visual ap- 
paratus and in the central nervous system. Crozier (3, 4) has re- . 
cently proposed a theory of visual threshold based upon neural units 
and their fluctuating variation in potential excitability. Night blind- 
ness due to vitamin A deficiency, according to Crozier, represents 
incipient neural injury in the form of a reduced capacity for ex- 
citation. 

In the present study, children who had no apparent impairment 
of health were examined. Two socio-economic levels were repre- 
sented. As part of an attempt to answer the question, what consti- 
tutes an elevated threshold, the socio-economic groups are com- 
pared with respect to adaptation, diets, and body measurements in 
the present report. The adaptation performance of the more favor- 
ably situated group is also described in detail to provide a reference 
relative to which unusual values for an individual within the age 
range of this study can be identified, if test conditions are the same. 


MarTERIALS AND METHOD 


The Sample. The individuals examined were children attending 
school regularly and taking part also in extra-curricular activities. 
As judged by these functional criteria, the sample represented a 
group who had no apparent impairment of health. No gross opaci- 
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ties or abnormalities interfering with the transmission of light to 
the retina were reported in the medical examinations by the physi- 
cian. Refractive anomalies were not measured and have not been 
corrected for the purpose of the dark adaptation test. 

Children of families at a relatively high-income level were ex- 
amined at a private high school in a semi-suburban locality adja- 
cent to New York City. Children of families at a much lower in- 
come level were examined at a public high school on the lower 
East Side of Manhattan, New York. At both schools the children 
examined were those willing to participate in the study. In the 
high-income group, the children were with few exceptions of Jew- 
ish parents, born in the United States. In the low-income group 
most of the children were of Jewish parentage; about 17 per cent 
were from Italian families. In the majority of cases in the low- 
income group one or both parents were foreign-born. 

Apparatus, Procedure of the Adaptation Test, and Other Obser- 
vations. One adaptometer constructed according to the specifica- 
tions of Hecht and Shlaer (11), and purchased in the commercial 
market" was used for all tests described in this report except those 
of seventy-two cases examined with a different one. The calibra- 
tions of the Corning 511 violet filters, the glass wedges, and “neu- 
tral” filters were checked by the National Bureau of Standards. The 
Macbeth Illuminometer was used to calibrate the light source. The 
instrument was operated in a suitable dark room. The test condi- 
tions were those previously employed in the cooperative nutrition 
study (12). For ease of reference the more important points will 
be summarized here. 


Dark adaptation was preceded by three minutes light adaptation in 
the brightness range, 12.024-12.052 log ppl in the case of the instrument 
used regularly. The preadaptation brightness of the second adaptometer 
with which seventy-two cases were tested was 11.793 log units. The test 


* The adaptometer is constructed by O. C. Rudolph, 55 Van Dam Street, New York, 
N.Y. 
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field occupied 3 degrees visual angle in diameter. Light adapting and 
test fields were viewed 7 degrees nasally, using the right eye. The test 
light was exposed in flashes whose duration was .2 second. A Corning 
511 violet filter, which transmitted wave lengths below 460 millicrons, 
was used during threshold determinations. The brightness of the 
threshold was expressed in the logarithm of micromicrolamberts (pp/). 
The dark adaptation period was 30-40 minutes, during which threshold 
determinations were made at intervals of 2-4 minutes. The method of 
determining the threshold has been fully described elsewhere (12). The 
measurements were made by laboratory technicians each of whom had 
previously examined about 200 subjects. 


Preceding the dark adaptation test each subject had a physical ex- 
amination including observations on the condition of the eyes. The 
lids, conjunctivae, and pupils were examined for evidence of obvi- 
ous infection. Movement was tested. The Snellen test of visual 
acuity was made routinely. 

Diet histories were obtained by interview. The kind and amount 
of foods and mixed dishes eaten in a two-day period immediately 
preceding the day of the interview were recorded.” 

Anthropometric measurements were taken either on the day of 
the dark adaptation test or within a short interval. 

Statistical Procedure. Threshold measurements of children in 
each income group were described by the statistical measures com- 
monly employed to examine and summarize other psycho-physi- 


» ®*The commercial name or the brand or type of each food was obtained whenever pos- 
sible together with a description of the manner in which the food was prepared. The child 
was questioned with regard to the composition of any mixed dishes reported, such as soup, 
stew, salads, and sandwiches and concerning the use of sugar, cream, butter, gravy, etc., 
with any of the foods or mixed dishes eaten. Quantity eaten was estimated relative to 
standard measure; cup, glass (large or small), teaspoon, tablespoon, sauce dish, which 
were available for display, or by reference to artificial casts of standard servings of fre- 
quently used mixed dishes. The enumeration included items eaten between meals and 
vitamin and mineral concentrates. Habits with respect to the frequency of use of protective 
foods, such as milk, eggs, fruits, and vegetables, were recorded. The child was questioned 
regarding types of activity, and their duration during the forty-eight hour period covered 
by the diet history. Over 500 recipes for mixed dishes frequently served were collected in 
the field and in the schools concerned to check upon the composition of mixed dishes re- 
ported by children. The approximate size of servings of various foods and mixed dishes 
used in the school lunches was also determined. 
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ological observations. At a given minute in the dark the set of 
threshold values obtained for all of the individuals concerned 
formed a frequency distribution characterized by clustering at a 
central value and dispersion in opposite directions. 

With regard to early and late adaptation the frequency distribu- 
tions of threshold at single minutes were found to be fairly sym- 
metrical and to resemble the normal type. The ogives of threshold 
distributions before 5 minutes and after 9 minutes were found to be 
sufficiently rectified by a probability grid to justify the use of the 
mean and standard deviation to describe such distributions. 

In the neighborhood of 5-9 minutes of adaptation, the frequency 
distributions of threshold were less symmetrical. In this period a 
strong skewed effect was evident and percentiles (the goth, 75th, 
50th, 25th, roth) as well as the mean and standard deviation, have 
been relied upon to indicate levels of threshold above which were 
found the percentage of cases stipulated. 

Subjects concerned in the present report were classified accord- 
ing to certain factors which were found to cause significant varia- 
tion in threshold level. Thus, a preliminary analysis of results in 
267 cases available early in the study showed that when the entire 
course of adaptation was to be considered, the subjects must be 
grouped according to income level, brightness of preadaptation, 
and the different technicians making the tests. If only the threshold 
later than 20 minutes were considered groupings were needed ac- 
cording to income and technician. At that time preadaptation dif- 
ferences were no longer significant (12). 

Effects upon the mean or variance of threshold after 20 minutes, 
which might be due to a number of other factors, were also evalu- 
ated in the preliminary analysis of the results for 267 cases. Classi- 
fications for age, sex, acuity as measured by the Snellen test, pig- 
mentation of the iris, hour of the test, time of color change from 
purple, violet, or blue to gray or white and phase of the menstrual 
cycle gave no evidence in a covariance analysis of differences in 
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mean adjusted threshold after 20 minutes which could not be ac- 
counted for by chance." 


ADAPTATION AT DIFFERENT INCOME LEVELS 


The mean threshold for children in the low-income group tend- 
ed to be higher throughout adaptation than the mean for the high- 
income group. The difference was greater after 20 minutes of 
adaptation than at earlier times. Merging or crossing of the mean 
threshold levels were relatively infrequent and occurred before 
20 minutes when adaptation was rapid and observational errors 
tend to be greater (12). Some uncertainty in the comparison re- 
sulted also from the small number of children involved and the 
fact that not every child could be examined at each minute. If these 
limitations are borne in mind, the mean performance of the two 
groups would appear to differ significantly before 20 minutes and 
ina manner consistent with the larger differences after 20 minutes. 

Mean threshold intensity during adaptation for children in the 
high and low-income groups is shown in Table 1 and the corres- 
ponding Figure 1 in which threshold intensity (log py/) is plotted 
against dark time.’ All cases included in Table 1 were examined 
by one technician. The sixty-four cases of the high-income group 
were preadapted to 1,060, those of the low-income group to 1,080 
millilamberts, a difference which would not account for the pro- 
gressive differences in mean threshold level shown in Figure 1. 

Larger subsamples of children at the two income levels indicated 
that the mean adaptation of the low-income group was not only 
slower but also more variable at corresponding dark times. The 
larger subsamples of children were obtained for the two income 
groups by combining 175 cases following 1,060 millilamberts pre- 


“In testing the null hypothesis regarding sample means or variances the “F” distri- 
bution (27) has been used. In some instances Student’s “‘t” was employed to test signi- 
cance of mean difference (5). For either criterion, p.< .o1 was taken as the level of sta- 
tistical significance. 
*The time (minutes) elapsed after light adaptation and during dark adaptation. 
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ae. High-Income Group—64 Cases Low-Income Group—g8 Cases 
Darx | Observa- Me Standard || Observa- | 4, Standard 

tions - Error tions - Error 

(Minutes)|(Number)} (Log mul) | (Log mul) ||\(Number)} (Log mul) | (Log uyl) 

0.5 63 6.372 b.014 98 6.460 =k.014 

1.5 I 6.059 _— _ — — 
2.5 57 5-844 zb.021 81 5-887 ~b.016 
3-5 5 5-784 +.065 17 5-900 .048 
45 31 5-576 sk.021 16 5-596 b.036 
5-5 32 5-416 .037 78 5-521 zk.o20 
6.5 21 5-283 t.028 7 5-375 =t.202 
7.5 28 4.990 =b.093 42 5-158 =t.076 
8.5 13 4-547 .182 41 4-475 =t.077 
10.0 38 4.051 =k.030 21 4-202 b.054 
11.0 17 3-905 =t.098 41 4.046 b.063 
12.0 8 3-952 2.217 31 3.847 =t.040 
13.0 33 3.626 bk.035 15 3.718 £.057 
14.0 19 3.436 sb.041 31 3.656 =b.044 
15.0 13 3-375 ck.112 45 3-474 b.038 
16.0 28 3.278 b.039 15 3.408 b.035 
17.0 24 3.176 =b.030 29 3.326 b.035 
18.0 5 2.954 sb.105 34 3-245 k.034 
19.0 25 3.065 b.054 25 3.125 =b.049 
2.0.0 27 2.960 tb.034 28 3.118 =b.039 
21.0 II 2.866 t.064 22 3.111 b.036 
22.0 23 2.799 b.056 39 3.019 b.028 
23.0 26 2.706 b.036 20 2.871 t.046 
2.4.0 15 2.712 sb.065 35 2.978 b.032 
25.0 15 2.640 tb.052 34 2.859 tb.024 
26.0 28 2.569 =b.037 15 2.891 =k.066 
27.0 19 2.560 b.031 35 2.810 =b.034 
28.0 15 2.512 =b.044 31 2.803 b.033 
29.0 24 2.455 ck.o210 24 2.797 b.034 
30.0 21 2.478 ck.114 35 2.700 b.039 
31.0 14 2.450 tk.097 33 2.726 tbk.034 
32.0 25 2.414 zt.030 20 2.726 =b.054 
33.0 20 2.430 b.035 21 2.652 =t.o50 
34.0 19 2.440 =b.037 39 2.655 b.037 
35-0 18 2.387 cb.016 26 2.655 b.043 


























1The observations were grouped in one minute intervals centered on the half minute 
before 9 minutes of adaptation and on the whole minute after 9.5 minutes, a procedure 


which followed the observed clustering of the data. 


Table 1. Mean threshold and standard error, according to time in the dark, for 
children in the high and low-income groups who were preadapted to 1,060 milli- 
lamberts and 1,080 millilamberts respectively with one adaptometer by a single 
technician. 
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Fig. 1. Mean threshold during dark adaptation for children in the high-income 
group and in the low-income group, following 3 minutes preadaptation to 1,060 
and 1,080 millilamberts, respectively. 


adaptation tested by four technicians in the high-income group 
and by combining in the low-income group 240 cases tested by one 
of the same technicians and preadapted in the brightness range 
1,117-1,127 millilamberts. 

The greater number of technicians testing in the high-income 
group would tend to augment rather than decrease the variability 
of results in that group. The maximum difference in preadaptation 
(67 millilamberts) between the income groups, as represented in 
these subsamples, was insufficient to cause significant differences in 
mean threshold level or in variability after 20 minutes adaptation. 
Therefore, the comparison between income groups with respect to 
variability in adaptation performance has been made for thresholds 
after 20 minutes adaptation. 

In Figure 2 the dispersion of threshold values after 20 minutes is 
illustrated for the two income groups by means of selected per- 
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Fig. 2. Adaptation contours after 20 minutes in the dark for children in the 
high-income and in the low-income group following 3 minutes preadaptation to 
1,060 and 1,080 millilamberts, respectively. 


centiles of the frequency distributions of threshold at successive 
minutes. The adaptation contours so described showed quite dif- 
ferent dispersions. At corresponding times the variability of the 
low-income group was greater throughout the interval, 20-35 min- 
utes, and distributed about a higher median threshold level. In the 
high-income group the variability declined during 20-35 minutes 
more rapidly than in the low-income group. The relatively reduced 
variability expected toward the end of adaptation was found in the 
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Fig. 3. Mean and variability of threshold during dark adaptation for 175 children 
of the high-income group examined by four technicians following 3 minutes pre- 
adaptation to 1,060 millilamberts. 


high-income group by 35 minutes. At 30 minutes and later in the 
low-income group the variability was as great as that of the high- 
income group at 20 minutes. 

The evidence of higher mean threshold and greater variability 
of the low-income group, shown in Figures 1 and 2, was supported 
by the results of the preliminary analysis for 267 cases referred to 
under statistical procedures. The preliminary analysis included the 
work of one technician at the public and private schools, which 
had been completed during one school year when the analysis was 
begun. The data covered sixty-four children of the 175 high-income 
cases whose results are shown in Figure 3 and seventy-two other 
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high-income cases examined on the second adaptometer and not 
included in Figure 3 because their preadaptation was 11.793 log 
units as compared with 12.024 for the cases of Figure 3. The seventy- 
two cases could be included in the preliminary analysis in which 
preadaptation differences were controlled statistically. The low- 
income cases of the preliminary analysis were the ninety-eight 
children whose test results appear in Table 1 and thirty-three addi- 
tional cases not included in Table 1 because of a preadaptation dif- 
ference. In this analysis there were five or six threshold determina- 
tions for each subject after 20 minutes adaptation making a total of 
1,579 observations for the 267 subjects. 

The mean threshold level for the entire set of 1,579 observations 
after 20 minutes was 2.653 log units. The variability between cases 
measured by errors of estimate after linear regression was = .421 
log units. This figure represents the variability between mean 
thresholds of individual children after 20 minutes, independent of 
any small differences in mean observation time, and which were 
alike with respect to income, preadaptation, and technician.’ 
Threshold values for the high and low-income groups differed 
significantly. The mean threshold levels after 20 minutes, adjusted 
to average observation time were 2.540 log units and 2.765 log units 
for the high and low-income groups respectively. The variability 
between cases (errors of estimate) for the high-income group was 
=t .330 log units and considerably greater for the low-income 
groups, + .516 log units. 

Threshold Characteristics of the High-Income Group. The test 
results throughout adaptation for the 175 cases of the high-income 
group are of interest as an indication of expected performance of 
an urban population of mixed bio-ethnic origin, not handicapped 
by unfavorable socio-economic circumstances. The tests were made 
by several experienced technicians and should therefore provide a 


® The corresponding variance was .177 log units” associated with 245 degrees of freedom. 
This variance was used as “error” in the preliminary analysis. 
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more general description of adaptation results than can be obtained 

on the basis of a single technician. Inasmuch as adaptation measure- 

ments in different studies must usually be made by different tech- 
Table 2. Mean, standard deviation, and standard error of threshold for 175 chil- 


dren of the high-income group after preadaptation for 3 minutes to 1,060 milli- 
lamberts, according to time in the dark. 





THRESHOLD 





Tne wv THE Darx | OnservaTIONs Sennfosd 


—— Standard 


Deviation Error 
(Minutes) (Number) (Log wp) (Log ppl) (Log ul) 








0.5 172 6.436 &.187 tk.o14 
1.5 : 6.145 k.149 b.086 
3 157 5-847 b.198 =b.016 
3-5 15 5-722 b.219 =b.056 
4-5 10§ 5-473 b.360 b.035 
5-5 59 5-323 £.445 £.058 
6.5 79 4.851 b.614 st.069 
75 66 4.828 .176 =b.022 
8.5 66 4.259 +.554 b.068 
9-5 4.088 =£.496 =t.067 
10.5 76 3-879 +.397 b.046 


12.0 3.748 .479 =b.066 
13.0 3-479 .345 b.012 
14.0 3-352 &.384 +.048 
15.0 3.218 &.381 =b.056 
16.0 3.181 +.282 ck.032. 
17.0 3.100 +.342 b.046 
18.0 2.902 + .313 =k.045 
19.0 2.936 b.284 =b.036 
2.0.0 2.831 wb.242 b.033 
21.0 2.779 tb.250 b.036 
22.0 2.714 sb.241 =k.034 
23.0 2.656 b.219 =t.029 
24.0 2.607 b.194 tk.026 
25.0 2.597 b.184 =b.026 
26.0 2.552 b.193 tb.025 
27.0 2.508 &.169 b.023 
28.0 2.511 k.159 =b.023 
29.0 2.457 =t.180 tb.023 
30.0 2.463 b.154 ck.o21 
31.0 2.436 t.160 b.023 
32.0 2.409 ck.15§1 sb.0211 
33.0 2.445 .172 tk.024 
34.0 2.423 =t.220 sk.0279 
35.0 2.398 +.127 .018 
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nicians a general description which includes technician peculiari- 
ties is a safer reference in comparisons than one which is limited to 
a single observer, provided that the several technicians are com- 
petent. 

No definite specifications can be given with regard to the vitamin 
A nutrition of the high-income group. No doubt numerous indi- 
viduals were included whose vitamin A nutrition was not optimal. 
Identification of such cases can be made only by subsequent and 
suitable experiment. The sample was not, therefore, representative 
of a well-nourished population in a strict sense. 

Threshold Distributions During Adaptation. Mean threshold, 
standard deviation, and standard error are given for the 175 cases of 
the high-income groups in Table 2 for each minute up to 36 min- 
utes dark time. The mean threshold at 30 minutes was 2.463 log 
units and the standard deviation, .154 log units. In the neighbor- 
hood of 30 minutes dark time the entire range of thresholds ob- 
served was approximately 1.0 log unit. The variability of threshold 
increased rapidly during the first 7 minutes of the test, at which 
time it apparently reached a maximum and then declined, reaching 
at 25 minutes values comparable to those obtained immediately 
after preadaptation. The fluctuation of the standard deviation is 
closely correlated with observational error, which in turn is asso- 
ciated with rate of adaptation. The larger standard deviations in the 
interval, 5-10 minutes, also reflected differences among the 175 cases 
with respect to onset of secondary or “rod” adaptation. Figure 3 
illustrates the regression of mean threshold and the variability. 

The frequency percentage distributions of threshold at 0.5, 4.5, 
8.5, 13.0, 17.0, 21.0, 25.0, 29.0, and 33.0 minutes are shown in Figure 
4. Greater concentration of values was evident early and late in 
adaptation and marked skewed effects in the same direction were 
obtained at 8.5 minutes and at 25, 29, and 33 minutes. 

Several percentiles were used to illustrate more clearly the change 
in form of the successive distributions. The threshold values corres- 
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Fig. 4. Frequency percentage distributions of threshold at specified times during 
dark adaptation for 175 children of the high-income group examined by four tech- 
nicians, following 3 minutes preadaptation to 1,060 millilamberts. 


ponding to the several percentiles were interpolated from the dis- 
tribution at each minute, except at 1.5 minutes and between 11-11.5 
minutes when only a few cases were observed. The percentile values 
are given in Table 3. Figure 5 shows the adaptation contour for the 
middle 80 per cent and middle 50 per cent of cases up to 36 minutes. 

The adaptation of the middle 50 per cent appeared to be com- 
plete at about 30 minutes. Before 6 minutes and after 10 minutes the 
middle 50 per cent of cases were distributed symmetrically about 
the median. Owing to differences among individuals with respect 
to time of maximum rate of adaptation skewed effects in opposite 
directions occurred immediately preceding and following the 7.5 
minute point. Judged by the median the maximum rate of adapta- 
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coupon — THRESHOLD AT SpEcIFIED PERCENTILES 





THE Dark VATIONS 
goth goth 25th 


(Minutes) | (Number)| (Log uu!) (Log mul) | (Log upl) 





0.§ 172 6.68 . 6.40 6.33 6.23 
a5 1§7 6.08 . 5-87 5-73 
4:5 105 5:77 . 5-54 5-45 5-30 
5-5 59 5-75 . 5-39 5-24 4.69 
6.5 79 5-54 5.20 4.32 4.06 
755 66 5-38 5.18 4.28 3.95 
8.5 66 5-21 4-15 3-96 3.65 
9-5 55 4-78 4.11 3-78 | 3.38 
10.5 4.30 3-90 3-67 3-31 


12.0 4.28 . 3.64 3.46 3.26 
13.0 3.86 . 3-51 3-21 3.05 
14.0 3-68 ‘ 3-35 3-13 2.91 
15.0 3.63 " 3.20 2.99 2.70 
16.0 3.50 . 3-19 2.95 2.83 
17.0 3-43 < 3.14 2.91 2.62 
18.0 3-33 ‘ 2.90 2.68 2.51 
19.0 3-23 2.93 2.72 2.56 
2.0.0 3.16 ‘ 2.89 2.68 2.60 
21.0 3-14 : 2.78 2.59 2.48 
22.0 3.02 : 2.69 2.58 2.48 
23.0 3.03 2.79 2.63 2.51 2.41 
2.4.0 2.83 2.71 2.62 2.47 2.37 
25.0 2.86 2.69 2.53 2.45 2.39 
26.0 2.83 2.65 2.50 2.42 2.33 
27.0 2.73 2.61 2.48 2.39 2.31 
28.0 2.71 2.58 2.47 2.38 2.33 
29.0 2.66 2.$3 2.43 2.37 2.30 
30.0 2.69 2.53 2.47 2.38 2.30 
31.0 2.60 2.50 2.42 2.36 2.31 
32.0 2.55 2.47 2.41 2.35 2.33 
330 2.72 2.50 2.40 2.30 2.25 
34.0 2.66 2.50 2.42 2.33 2.26 
35-0 2.53 2.43 2.37 2.33 2.28 


Table 3. Threshold, at specified percentiles of the frequency distributions for the 
175 cases of the high-income group who were preadapted for 3 minutes to 1,060 
millilamberts, according to dark time. 
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tion occurred just about 7.5 minutes. After 20 minutes the per- 
centiles above the 75th departed progressively toward higher thresh- 
old values. 


Correlation between Threshold Early and Late in Adaptation. 
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Fig. 5. Dark adaptation contour for 175 children of the high-income group who 
were examined by four technicians and preadapted for 3 minutes to 1,060 milli- 
lamberts. 


The correlation between mean threshold at 30-35 minutes and 
thresholds obtained earlier in adaptation indicated that the rank 
order of a child early in the test was not a dependable indication of 
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Cozrricient | STANDARD VARIATION IN 
OF Error oF THRESHOLD 

CorreELaTION| Estimate AccCOUNTED FoR 
(r) (s y.x.) BY REGRESSION 

(2 x 100) 


(Minutes) | (Number) | (Number) | (Log mul) (Per Cent) 





2.5 155 +.0924 &.194 d 0.8 

4-5 104 — .o192 b.360 < 0.0 
10.0 82 — .0203 £.398 ‘ 0.0 
13.0 85 +.1058 £.344 : a:2 
16.0 78 +.3587 b.284 : 12.9 
18.0 47 +.4127 b.295 é 17.0 
24.0 54 +.4949 zb.172 : 24.5 
26.0 58 +.8593 =b.099 : 73.8 
2.9.0 58 +.9314 +.067 | 4 86.8 


Table 4. Correlation statistics for mean threshold after 30-35 minutes dark 
adaptation and threshold after specified shorter periods of adaptation, following 3 
minutes preadaptation to 1,060 millilamberts. 


his rank for mean threshold at 30-35 minutes. Summarized in Table 
4 are coefficients of correlation and related statistics for mean thresh- 
old at 30-35 minutes and threshold determined at each of nine other 
dark times. The coefficient of correlation was not significant until 
16 minutes when the value was +- .35. Not until 26 minutes was the 
relationship to the mean threshold at 30-35 minutes sufficiently close 
to be of practical importance. The change from fairly close rela- 
tionship at 26 and 29 minutes to independence before 16 minutes is 
shown in Figure 6. 
Diets AND Bopy MEASUREMENTS OF CHILDREN IN THE HicH 
AND Low-INcoME Groups 

The diets and body measurements of the high and low-income 
groups are of interest in view of the known association of threshold 
elevation with nutrition and the relation of the latter to growth of 
the body. At this time diet descriptions can be given for the 267 
children of the high and low-income groups shown by the pre- 
liminary analysis to differ significantly with respect to adjusted 
mean threshold level after 20 minutes adaptation and with respect 
to variability of adaptation as well. There were in this subsample 
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Fig. 6. Correlation of the mean threshold after 30-35 minutes in the dark and 
partially dark adapted thresholds following preadaptation for 3 minutes to 1,060 
millilamberts. 


136 children of the high-income group and 131 children of the low- 
income group. It is believed that the present diet descriptions al- 
though limited to 267 children are representative of the dietaries 
characteristic of persons in the two income groups whose adapta- 
tion is described. A full analysis and discussion of the diets will be 
given in other reports. Comparison of body development of the 
children in the two income groups was made on the basis of the 
full sample of children examined at each income level in the nutri- 
tion study. It was found that the stature, weight, and age distribu- 
tions of the cases whose adaptation and diets are described did not 
differ significantly from those of the respective samples. 
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Fig. 7. Cumulative frequency percentage distributions for per cent of daily energy 
allowance met by the diet and for quantities per day of specified nutrients of the diets 
of 136 children of the high-income group and 131 children of the low-income group. 


Nutritive Content of the Diets. The estimates of nutritive con- 
tent are subject to the uncertainties inherent in the interview meth- 
od and in the application in particular cases of average values for 
food composition. The procedure of interview was uniform in the 
two income groups and it is likely that the relative position of the 
groups is reflected approximately although the estimates of nutri- 
tive content may not correspond exactly with those which would 
be obtained by another method. 

Recommended daily allowances of different nutrients serve as a 
rough yardstick to indicate dietary “adequacy” from the point of 
view of practice tentatively regarded as desirable. In Figure 7, a 
recommended range or level of daily allowance is shown for pro- 
tein; calcium; iron; and vitamins A, B, C; and riboflavin.’ The 

™ The daily allowances indicated graphically are based upon quantities of the specified 
nutrients which were recommended for boys in the age groups, 13-15 years and 16-20 


years, and for girls in the same age groupings (23). With the exception of four 12-year-old 
(Continued on page 271) 
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quantities of the several nutrients provided by the respective diets of 
the two income groups are compared with the recommended allow- 
ances by means of cumulative frequency distributions for each nu- 
trient. In this general comparison sex and age groups have been 
combined. 

In the case of energy value, individual “requirements” per 
twenty-four hours were computed according to basal caloric “re- 
quirements” for age, sex, surface area, and estimates of need for 
growth and type of activity reported on the child’s diet history. The 
energy value provided by the child’s diet as described was then 
expressed in per cent of the child’s “requirement.” 

Thus in Figure 7, the panel for energy value shows the percentage 
of children having diets which provide varying proportions (in 
per cent) of the individual energy “requirement.” Regardless of 
the basis of estimating individual energy requirements Figure 7 
indicates that the percentage of diets meeting energy “requirement” 
in the low-income group was considerably smaller than corres- 
ponding percentages of the high-income group. 

Large differences occurred with respect to daily vitamin A in- 
take. Approximately 78 per cent of the diets of the children in the 
low-income group and 44 per cent of the diets in the high-income 
group were providing less than 5,000 I.U. per day. 

With respect to daily intake of protein, vitamins B; and ribo- 
flavin the diets of the majority of children in both income groups 
appeared to be satisfactory relative to the tentative and approximate 
allowances. However, for each of these nutrients the diets of larger 
percentages of children of the low-income group than the high- 
income group fell short of recommended daily allowances. 

Fifty-two per cent of the children of the low-income group and 


boys and six 12-year-old girls, the ages of all children whose diets are discussed in this 
Teport were in the age range 13-19 years. In Figure 7 the least quantity recommended in 
the age groupings, 12-15 years, 16-20 years, for either sex was used as the lower limit 
of the indicated range of daily allowance. The upper limit corresponds to the largest 
quantity recommended among the four age-sex groups. 
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Fig. 8. Mean height and mean age according to weight, for 183 boys and 171 
girls of the high-income group and for 1,169 boys and 1,020 girls of the low-income 
group. 

18 per cent of the high-income cases were receiving less than the 
recommended allowance of vitamin C. Similar percentages of the 
diets fell below a daily allowance of 1.0 gram of calcium. 

Stature, Weight, and Age. Full consideration of differences in 
body measurements cannot be given here but differences were out- 
lined according to the relationship between stature, weight, and 
age. For equal weight the children of the low-income group tended 
to be shorter and older. Mean stature and mean age according to 
weight are shown in Figure 8. It was found that boys with body 
‘ weight of less than 162 pounds (86 per cent of low-income classes, 
go per cent of high-income cases) attained equal weight in a shorter 
mean growth period in the high-income group. Similarly, for girls 
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with body weight less than 147 pounds (89 per cent of low-income 
cases, 92 per cent of high-income cases) the mean growth period to 
reach equal weight was shorter for the high-income group. Mean 
stature for equal weight and younger age was greater in the high- 
income group, quite consistently for girls and frequently in the 
case of boys. 


Discussion 


In this survey visual sensitivity was found to be correlated with 
income level. The relationship has been reported also in other 
studies of apparently well persons. (14, 22, 20, 24, 17.) The dif- 
ference found here between income groups in mean threshold after 
20 minutes was small (.225 log units after 20 minutes), but it tended 
to increase with dark time. The pattern of difference shown in Fig- 
ure 2 resembles threshold changes reported as associated with vita- 
min A deficiency (2, 31, 9), and with reduced oxidation in hypo- 
glycemia (19). The diet descriptions of the respective income 
groups indicated that the vitamin A intake and energy value of the 
diets of the low-income group were less satisfactory, relative to 
recommended daily allowances, than were those of the high-income 
group. Thus the dietary evidence supported an interpretation that 
the differences in visual sensitivity of the two groups might be a 
reflection of different levels of vitamin A intake and differences 
with respect to available glucose and its metabolism. However, the 
degree of the relationships between visual sensitivity, vitamin A 
intake, and glucose metabolism is highly uncertain. In several ex- 
periments, human subjects have failed to show threshold elevation 
when vitamin A was withheld from the diet (28, 13). In the present 
study, data bearing directly upon the question of differences in 
capacity to oxidize glucose were not available. 

Since changes in visual sensitivity during adaptation following 
vitamin C therapy have also been reported (29) and the diets of 
the children of the two income groups concerned here differed 
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almost as widely with respect to vitamin C as vitamin A, the addi- 
tional question is raised whether this nutrient may not also have 
contributed to the different visual response of the two groups. 
Neither the latter possibility nor the relative roles of vitamin A and 
glucose metabolism in visual efficiency can be accurately evaluated 
on the basis of present knowledge. 

The income groups showed differences which may be of nutri- 
tional origin not only in visual function but also in body develop- 
ment as indicated by stature, weight, and age. The differences in 
body development were too great to be explained entirely by body 
build. The fact that in the majority of cases children in the low- 
income group were shorter for equal weight might be attributed 
in part to relatively greater cross-sectional growth and skeletal dif- 
ferences. But the greater age for equal weight in addition to shorter 
stature suggested a retardation in growth. 

Night blindness due to vitamin A deficiency is customarily in- 
terpreted according to the duplicity theory of vision (26) and the 
photochemical hypothesis (15, 8). These theories largely disregard 
the effects upon visual response of nerve, of the central parts of the 
visual apparatus, and of the central nervous system. The evidence of 
change in cerebrospinal fluid pressure preceding night blindness 
and the appearance of very early lesions of the optic tract and 
medulla in vitamin A deficiency cannot be brought within the 
framework of a photochemical explanation. Crozier’s interpreta- 
tion of dark adaptation is of interest because, among other reasons, 
it considers the co-functioning of receptor cells and of intermediary 
and central parts of the visual mechanism in relation to the central 
nervous system in general. 

Crozier’s theory assumes that visual response results from the 
stimulation by light of excitable neural units which momentarily 
fluctuate in intensity threshold at random. It is presumed also that 
during adaptation the neural units vary in capacity to produce nerve 
impulses when stimulated. In all available series of measurements 
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Fig. 9. Mean excitability at successive minutes after 9 minutes dark time, in 
per cent of maximum mean excitability for ninety-eight children of the low-income 
group preadapted for 3 minutes to 1,080 millilamberts and for sixty-four children 
of the high-income group who were preadapted for 3 minutes to 1,060 millilamberts. 
of man and of all other animals that have been tested Crozier has 
shown that threshold during dark adaptation can be expressed by 
a probability integral as a function of log dark time (3, 4). 

The dark adaptation response of the children in the different in- 
come groups, described in Table 1, is represented in Figure 9 on a 
probability grid. The ordinate is the ratio in per cent of the theoreti- 











276 The Milbank Memorial Fund Quarterly 


cal minimum threshold intensity (1 min ) at the end of the adapta- 
tion and threshold intensity (1) at each observation time. This ratio 
(== x 100) is presumed to express excitability (+) during adapta- 
tion in relation to final or maximum excitability, which is the 
reciprocal of the minimum threshold intensity (- ,,..)- 

Considerable scatter of the points is evident and might be ex- 
pected in view of the fact that means based upon different subjects 
have been used and case composition fluctuated at successive min- 
utes. The theoretical minimum threshold for the low-income 
groups was 2.506 log units. The corresponding value for the high- 
income groups was 2.156 log units. The lower minimum threshold 
of the high-income group signifies a greater capacity of neural units 
to produce nerve impulses or neural effects. In Figure 9 the equal 
slope of the lines may be taken to indicate that comparable groups 
of neural units are involved. 

In school or community surveys of dark adaptation the majority 
of subjects can be tested only once and performance of the indi- 
vidual is judged according to the expected threshold of subjects 
who are apparently well and who have been tested under the same 
conditions. The dark adaptation results in Table 3 for the children 
of the high-income group indicate the range of threshold values to 
be expected of the middle 80 per cent of children who are ap- 
parently well and in the age range 12-19 years. The percentiles pro- 
vide a method of describing conveniently the usual threshold values 
of this group. Despite case fluctuation at successive minutes, select- 
ed percentiles after 20 minutes may very well reflect to a consider- 
able extent the threshold level of children who have relatively the 
highest, the lowest, and the middle threshold values. Usual per- 
formance, as shown by the middle 50 per cent of cases, was between 
2.68 and 3.00 log units at 20 minutes and between 2.38 log units and 
2.53 log units at 30 minutes. The skewness toward higher values 
of percentiles above the 75th after 20 minutes suggested that chil- 
dren so placed may be unable to complete the final phases of adap- 

















Medical Evaluation of Nutritional Status: Part VI 277 


tation as successfully as the middle 50 per cent which was more 
symmetrically distributed. Judged according to the threshold dis- 
tributions of this study, test results which fall consistently above 3.00 
log units (75th percentile) after 20 minutes are unusually high and 
the subjects concerned are worthy of additional study. 

Since the visual threshold as measured is a psychometric observa- 
tion it was thought that the child’s general aptitude in school might 
have some effect upon his test results. The upper and lower 25 per 
cent of the children ranked according to the adaptation test results, 
were compared with respect to school behavior, to obtain a pre- 
liminary indication of whether such a relationship might be in- 
volved. Satisfactory quantitative ratings for school behavior were 
not available and the opinion of teachers and supervisor was the 
basis of rating for adjustment in school. The comparison suggested 
that performance on the test may be related to success in academic 
work, social adjustments, and emotional stability. A relatively large 
number of children who were thought to be ill-adjusted in school 
ranked poorly on the test whereas only a few children so regarded 
by the school authorities were found among the 25 per cent of chil- 
dren whose adaptation reached the lowest threshold levels. On the 
basis of this limited comparison the correlation between school be- 
havior and test performance can only be suggested in the form of 
a question. 

Pathogenetic studies of threshold elevation due to vitamin A de- 
ficiency have shown in certain cases that thresholds late in adapta- 
tion respond to lack of vitamin A sooner and to a greater extent 
than earlier thresholds. (2, 31, 10). It would appear to be advisable, 
therefore, to give considerable weight to performance after 30-35 
minutes if the object of the observations is an early reflection of 
avitaminosis A. The negligible correlations between threshold at 
30-35 minutes and much earlier thresholds suggest that thresholds 
before 26 minutes do not give dependable information regarding 
those of the later stages of adaptation. If the information desired 
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concerns the relative performance of the individual after 30 min- 
utes adaptation, the threshold should be observed at that time. In 
serial studies of experimental night blindness and of individuals 
with cirrhosis of the liver (7) thresholds early and late in adaptation 
have been found to be more highly correlated than those described 
here. Subjects in such studies become experienced and the loss 
of correlation due to observational error is less than in the situation 
where the subjects are examined only once. 


SUMMARY 


1. Visual threshold measurements, diets, and body measure- 
ments of high school children, 12-19 years of age, at different in- 
come levels are described. The threshold measurements were made 
with the Hecht adaptometer according to specified test conditions. 

2. The mean threshold after 20 minutes, for 131 children of the 
low-income group was 2.765 log units with a variability (errors of 
estimate) of + .516 log units. The corresponding values for 136 
children in the high-income group were 2.540 log units + .330 log 
units. 

3. Seventy-eight per cent of the, diets of the children in the low- 
income group and 44 per cent in the high-income group were pro- 
viding less than 5,000 I.U. vitamin A daily. Larger percentages of 
the diets in the high-income group than in the low-income group 
were providing energy value; protein; calcium; vitamins By, C; 
and riboflavin in satisfactory quantities as judged by tentative and 
approximate allowances recently recommended. 

4. The relationships between mean height and mean age with 
weight constant showed that the majority of children of the high- 
income group were taller and younger for equal weight than those 
of the low-income group. 

5. Mean threshold level after 20 minutes was not affected in either 
income group by age, sex, acuity as measured by the Snellen test, 
pigmentation of the iris, hour of the test, time of color change from 
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purple, violet, or blue to gray or white, or phase of the menstrual 
cycle. 

6. The mean threshold level at 30 minutes for 175 cases of the 
high-income group, examined by four technicians and preadapted 
to 1,060 millilamberts was 2.463 log units with a standard deviation 
of + .154 log units. The range at 30 minutes was 1.0 log unit. 
Judged by the median the maximum rate of adaptation occurred 
just after 7.5 minutes dark time. 

7. Mean threshold at 30-35 minutes was unrelated to threshold 
levels measured before 16 minutes dark time. Large observational 
errors early in adaptation would tend to obscure an actual correla- 
tion between late and early thresholds. Early thresholds are not a 


_ good index of results which would be obtained after 25 minutes 
dark time. 
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HE appraisal of the status of nutrition in human beings is 

commanding widespread notice at the present time because 

of the recognition of the need for valid techniques for this 
purpose, if bad dietary prattices are to be altered favorably. At pres- 
ent, no single measure of nutritional status as a whole is regarded 
as being adequate, nor is evidence at hand that a satisfactory one- 
test technique may be developed in the near future. For those whose 
resources are limited, however, the number of nutritional tests used 
must be small, and the tests must be selected on the basis of the in- 
formation which they will yield. 

In connection with the mass studies in human nutrition carried 
on at The Pennsylvania State College since 1935, in which the 
Department of Health of the Commonwealth of Pennsylvania has 
cooperated since 1936, the test for hemoglobin has yielded results of 
sufficient interest to commend it for consideration by those seeking 
to appraise nutritional status in human beings, whether the number 
of tests used is extensive or limited. With the isolation of hemo- 
globin in crystalline form by Funk (8) in 1851, and the develop- 
ment of a clinical method for hemoglobin estimation by Welcher 
(33) in 1854—probably the first method of this sort proposed—an 
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impressive succession of reports has appeared on hemoglobin meth- 
odology, and on the findings on human beings obtained by means 
of the hemoglobin tests developed. 


SUBJECTS OF THE STUDY 


In the Pennsylvania mass studies in human nutrition carried on 
during the past five years, hemoglobin values have been obtained 
on 2,400 subjects in the following groups: 100 urban families, in- 
cluding 418 persons—205 males and 213 females—taken from the 
work of Agnes Pauline Sanders (30) ; 100 rural families, including 
490 persons—246 males and 244 females; and 1,492 children in ad- 
dition to those in the families previously mentioned—6g1 males and 
801 females, in four different communities. 

The urban families were selected in towns and small cities of 
sub-metropolitan size, to represent a wide range of annual cash in- 
come. The rural families were chosen in Adams, Centre, and Lan- 
caster Counties, on the basis: (a) of the type of farm enterprise; and 
(b) of farm cash receipts. In Adams County (Locality 1), apple 
production was the chief, and frequently sole enterprise; in Centre 
County (Locality 2) general farming was carried on, but the level 
of cash farm incomes was not high; in Lancaster County (Locality 
3) dairy farming was coupled with general farming, and the cash 
farm incomes were higher than in Locality 2. In each of the farm 
localities, families were selected so as to represent the distribution of 
annual cash farm incomes characteristic of the locality. 

The school children included in this study were from the inter- 
mediate grades of public and private schools of four communities, 
and were selected from families for which the income distributions 
were typical of the respective communities as a whole. Community 
I was a city of about 82,000 inhabitants, in which railroad shops 
operating on a much reduced scale for many years were the leading 
industry. Community 2 was a college town of about 7,000 inhabi- 
tants. Community 3 was a rural community in the apple region of 
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southern Pennsylvania, where the children studied were in one 
consolidated and in two one-room schools. Community 4 was a city 
which, with its suburbs, had a population of about 125,000, located 
in the Pennsylvania anthracite region. The number of children of 
foreign-born parents or grandparents was higher in Community 4 
than in any of the other communities. The number of children 
tested in the respective communities were: 


Communityr ..... 428 children — 166 boys, and 262 girls; 
Community2 ..... 147 children — 70 boys, and 77 girls; 
Community3 ..... 104 children — 59 boys, and 45 girls; 
Community4 ..... 813 children — 396 boys, and 417 girls. 


No subjects were included in the study who were known to have 
a chronic or temporary illness which might interfere with the nu- 
trition tests. In the family study, advice of family physicians was 
taken on this point. In Community 1 of the child nutrition study, 
each child was given an examination by the school physician, and 
in Communities 2, 3, and 4 by a pediatrician associated with the 
study, in order to exclude those whose responses to the nutrition 
tests might be affected by conditions other than dietary intake. 


HeEmoc Losin METHOD 


The standard Newcomer method was used to determine the 
amount of hemoglobin in the blood in terms of grams of hemoglo- 
bin per 100 cc. of blood. By this method, two samples, each of 0.01 
cc. of blood were drawn into a hemoglobin micro-pipette from a 
single prick made in the finger by a spring lancet. Each sample was 
diluted to 5 cc. with o.1 N hydrochloric acid in a special micro- 
pipette, and the mixture was discharged into dry Pyrex tubes, where 
it was allowed to stand for at least 25 minutes. At the end of this 
time treated samples were matched against a standard Newcomer 
plate in a colorimeter of the Duboscq type, and the grams of hemo- 
globin per 100 cc. of blood were calculated from the readings. The 
average of the results from the two samples was taken. 
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RESULTs OF THE STUDY 


Distribution of Individual Cases. The distribution of hemoglo- 
bin values according to age of all male and female subjects in the 
urban family part of the study, is shown in Figure 1. The same 
distribution for the subjects in the rural family part of the study is 
given in Figure 2. These case distribution diagrams show a wider 
range of hemoglobin values for the urban than for the rural sub- 
jects, in both sexes and throughout the age groups. There was no 
marked tendency for the values for either urban or rural subjects to 
concentrate around a central part of the range. 

The dietaries of the urban and rural families will not be discussed 
until a later paper, except to say that the rural diets showed far less 
variety in type than did those of the urban families. 

Although the hemoglobin values are scattered in the two units of 
the family study for subjects of the same sex and age, particularly in 
the case of the urban subjects, a tendency is seen for a lower number 
of grams of hemoglobin per 100 cc. of blood to be found in young 
children of both sexes than in older subjects, and for a higher value 
to be associated with males above 12 years of age than with females 
of the same age range. 

The average hemoglobin values for the various units of the study 
are given in Table 1 by sex and the following age groups: from 
birth up to the fourth birthday, from the fourth birthday to the 
sixth, from the sixth birthday to the twelfth, from the twelfth to the 
seventeenth, from the seventeenth to the twentieth, from the twen- 
tieth to the fortieth, and from the fortieth birthday up. Values for 
all of the children in the study from 6 to 19 years of age were further 
averaged by one-year intervals for each of the sexes separately, with 
the averages given in Table 2. 

Average Hemoglobin Values. A diagram showing the average 
hemoglobin values, by sex and age groups, of all of the 2,400 subjects 
in the study, is shown in Figure 3. In this diagram the children are 























Bo Q0071g 40°95 00! Bag NIGOWDOWSs} 40 SWv2t) 
$$ @rente rte se Gaon noo 
a n aS SE ee n a NS eee ee 
Le b 
* be 
a z * g 
. e 
e e e ° ‘4 
. ° . 
e 
7 . q 
e s- ? 
° ° o.@.% e e 7 +t 
3 . * : e 7 
e e e - a eg e 3 
° 
e eo * . PS. 
” ~ 
Wl 5 & oe a 
e eo? he ~ 
| <q 
q * s ° e° es 3 e* io e 
e > e a 
: : ry i ni . i ° z z 
F e " s 5 
ms : o° ° $6 
- . ° e ee e @ - 2 - 
r . e ° 7 e. . : ® OD & 
+4 sg ° e * ¢< .* " " - 
e # * ‘ ~ 
e ° ee e rs 4) 
$ e ” "3 e 
e Ad s Sic oo ‘ mt ? © 
° . © ge i ere : —— : 
i ° ° »* Pr? b 
es : < ¢ : i. 
ea» © « e ris i] 
* > 5 < 
e e ace e & 
e ‘ o.* 
- 
es ? k 
* — * ° e! <q 
_ * 
ry » * ‘ Lo 
” ° 7” . ¢ w 
e 2 * ° 0 
e° oO yg 
=. 8 . ne ; 
. e _ re 5 * e © rs | 
” ° ° 
< : a ss “2 rR 
. 
z ye . Le 
~ x 
a . e : rR 
? e e * e ay 
: ee, ll ° E 
e 7 Re 
a - . ° e ee a - 
. ‘ ° e? ae? pvt PY he hn 
~ * 7 ge ° : - se « 
e e ees . * ici e . *. 
ce a 4° 4 ° - rt 
1) T eee. T T a T T + * a T T T iH ° 
rE o 2eontne ze doadgnrew no 
GO071g 40 °393 00! 83g NISOIDOWS}{ 40 SW 








Fig. 1. Distribution of hemoglobin values of males (left) and of females (right) 
by individual cases, according to age, in urban-family group. 
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Fig. 2. Distribution of hemoglobin values of males (left) and of females (right) 
by individual cases, according to age, in rural-family group. 
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Averace Grams oF HEMOGLOBIN PER 100 cc. BLoop 




















ACYeus) | Urban Families | Rural Families | School Children | All Subjects 
Males | Females} Males | Females} Males | Females} Males | Females 
Birth to 
4 Years 9.72 | 11.22 | 11.40 | 11.18 x x 10.61 | 11.16 
4to § 11.16 | 10.70 | 12.05 | 12.07 | 11.66 | 11.12 | 11.62 | 11.27 
6 to 11 11.29 | 11.6x | 12.59 | 12.59 | 12.92 | 12.63 | 12.79 | 12.59 
12 to 16 14.49 | 13.88 | 13.87 | 13.12 | 12.93 | 12.29 | 13.29 | 12.68 
17 to 19 15.57 | 14-13 | 14.97 | 13.26 | 15.18 | 13.24 | 15.16 | 13.57 
20 to 39 42.22 | 22.22 14.88 | 12.75 x x 13.80 | 12.40 
4o and Above 13.09 | 12.18 | 14.35 | 12.58 x x 13.62 | 12.40 
NUMBER OF PERSONS 
Birth to 
4 Years 31 26 36 20 x x 67 46 
4to § 21 18 19 16 33 28 73 62 
6 to 11 42 24 57 58 535 648 | 634 | 730 
12 to 16 16 24 36 36 120 122 172 182 
17 to 19 5 9 10 Io 3 3 18 22 
20 to 39 st 72 53 67 x x 104 139 
40 and Above 39 40 35 37 x x 74 77 



































Table 1. Average hemoglobin values for males and females in different units of 
the study, by age groups. 


Table 2. Average hemoglobin values for all males and females in the study from 
6 to 20 years, by year of age. 














Acz AveraGe Grams or HemoGiLosin a 
at Last PER 100 cc. oF BLoop 
Brerapar Males Females Males Females 
6 Years 12.07 11.34 32 17 
7 11.99 11.60 39 32 
8 11.98 12.00 48 73 
9 12.85 12.37 86 121 
10 12.93 13.00 264 314 
II 12.98 12.56 165 173 
12 12.99 12.37 a 86 
13 13.06 13.12 43 36 
14 13.19 12.51 28 24 
15 14.24 13.06 9 18 
16 14.80 13.10 17 18 
17 16.63 13.97 7 8 
18 14.50 12.92 5 8 
19 13.99 13.90 6 6 
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Fig. 3. Average hemoglobin values of all male and female subjects in the study 
according to age. 


shown by one-year intervals from the sixth to the twentieth birth- 
day. Although the sexes were not found to be significantly differ- 
ent in hemoglobin values below 12 years of age, the average values 
for age groups of each sex under 6 years of age were significantly 
lower than those for every other age group. Males were found to be 
significantly higher than females for all age groups beyond 12 
years. Both sexes showed marked increases during the ages when 
puberty is most likely to occur, after which values decreased sharply 
and remained at a constant average for age groups 20 to 40 years 
and 4o years and older. 

The average number of grams of hemoglobin per 100 cc. of blood 
for the subjects in the urban family part of the study, by age groups, 
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Fig. 4. Average hemoglobin values according to age for males and females in 
the urban-family group (upper section) and in the rural-family group (lower 
section). 


is given in the upper section of Figure 4, with the sexes graphed 
separately. The chief distinction between the average urban hemo- 
globin values shown in this graph and those for all of the subjects 
of the study, given in Figure 3 previously cited, lies in the fact that a 
much greater average difference was found between the children 
up to 12 years of age and all other age groups than was present 
among the averages for all of the subjects combined, and in the 
further fact that the urban males over 20 years of age were lower 
than rural males of the same age group. 
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The average hemoglobin values of all male and female subjects 
in the rural family part of the study are graphed according to age 
in the lower section of Figure 4. The hemoglobin value differences 
between the younger children and the other subjects in the group 
were not so extreme as were those of the urban group. Instead, a 
gradual, but slight, increase in grams of hemoglobin per 100 cc. of 
blood was found from one age group to the next, for both sexes, up 
to the 12-to-17 year group. There was but little decrease, however, 
after 40 years. The average values for rural males in the older age 
groups were greater than for the corresponding ages in the urban 
group, as has been mentioned, although the same was not true for 
females. 

Percentage Distribution According to Hemoglobin Values. In 
order to make comparisons among certain groups in the study as to 
the percentage of subjects found within certain ranges of hemo- 
globin values, five arbitrary ranges of response to the hemoglobin 
test were established as follows: (1) 13.0 or more grams of hemo- 
globin per 100 cc. of blood; (2) from 11.5 to 12.99 grams; (3) from 
10 to 11.49 grams; (4) from 7.5 to 9.99 grams; and (5) below 7.5 
grams. 

The percentages of all males and of all females in the study, by 
age groups, within each of the defined ranges of hemoglobin values 
are shown in Figure 5. The same broad differences between the 
younger children and all other age groups, and between the sexes 
after 12 years of age are apparent in these distribution graphs. For 
example, the percentage both of males and of females in the higher 
hemoglobin ranges tends to increase while that in the lower ranges 
decreases as the ages becotne greater up to the 17-to-20 year group. 
A higher number of males than of females was found in the higher 
hemoglobin ranges after 12 years of age. 

The percentages of all of the subjects in the urban families and 
that of the children in these families who were of grade school age 
(from 6 to 15 years old) in the different ranges of hemoglobin 
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Fig. 5. Percentage distributions of males and of females in specific age 
groups according to hemoglobin values; all subjects in family unit studies 
and in school groups are included. 
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values, are given in Figure 6. The respective percentages for the 
rural families are likewise shown in the same figure. The higher 
percentage of all persons, and also of children of grade school age, 
in the rural families in the higher hemoglobin ranges as compared 
with that of persons in the urban families, is strikingly apparent. 
For the rural families grouped according to type of farm enter- 
prise, the percentages of all subjects and of children from 6 to 15 
years of age in the different hemoglobin ranges are shown in Fig- 
ure 7. The three sub-groups thus formed were all somewhat superi- 
or to the urban group in the percentage of subjects in the higher 
hemoglobin ranges; Locality 3, representing the most prosperous 
general farming group, was found to be the best in this respect. 
The percentages of the 1,492 children in the child nutrition study 
found in the different hemoglobin ranges are graphed in Figure 8; 
the different community groups are shown separately. Community 
I, previously reported by Zayaz, Mack, Sprague, and Bauman (39), 
representing a small industrial city of long-time economic depres- 
sion, was the lowest in the percentage of children in the higher 
hemoglobin classes. This community, for example, had but 1.2 per 
cent of the children in the sample in the highest arbitrary hemo- 
globin range, with but 41.2 per cent in the next highest. The other 
three communities had 96.5, 97.2, and 97.4 per cent of the children 
in the highest two ranges. Community 2 (a small college town) 
had a slightly smaller percentage in the highest hemoglobin range 
than did Community 3 (a rural community), or Community 4 (an- 
other industrial community in better economic circumstances than 
Community 1). In Community 4, there was a larger percentage of 
children of foreign-born parents or grandparents than in any of 
the other three communities (in all of which there was only a small 
proportion of children of foreign extraction). In this community, 
the eating habits of the children tended to be different from those 
of similar income families in the other communities, a fact which 
is believed to be associated with their better hemoglobin status. As 
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Fig. 6. Percentage distributions according to hemoglobin values of all subjects 
and of children six to fifteen years of age in the urban-family group and in the rural- 
family group. 
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Fig. 7. Percentage distributions according to hemoglobin values of all sub- 
jects and of children six to fifteen years of age in each of three localities in- 
cluded in the rural-family group. 
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Fig. 8. Percentage distributions according to hemoglobin values of grade-school 
children in each of four communities. 























Hemoglobin Values in Pennsylvania Mass Studies 297 


has been mentioned, the diets of the subjects in this study in rela- 
tion to hemoglobin status will be discussed in a later report. 


CoMPARISON WITH OTHER INVESTIGATIONS 


In comparing the results of the Pennsylvania hemoglobin mea- 
surements with those of other investigators, Mugrage and Andresen 
(19) in a study of 200 children from birth to 3 years of age state 
that infants have high hemoglobin values at birth, which decrease 
in infancy to a minimum at the third or fourth month, with no 
appreciable increase during the first two years. This substantiates 
earlier findings by Appleton (2), Drucker (4), Elvehjem, Peterson, 
and Mendenhall (5), MacKay (15), Merritt and Davidson (16), 
and Williamson (35). Although there were no new-born infants in 
the present study, the findings with respect to infants and young 
children are in conformity with those of the investigators just cited. 
As has been pointed out, children in this study below 6 years of age 
had significantly lower hemoglobin values than the subjects in all 
other age groups, although no sex differences which were statisti- 
cally significant were found below 12 years of age. 

It is generally agreed that there is no sex difference in hemoglobin 
up to 12 to 13 years of age, in conformity with the results of this 
study. Mugrage and Andresen (18), for example, in a study of 533 
children from birth to 13 years of age found no significant differ- 
ences between average hemoglobin concentrations of boys and of 
girls. Similar results were reported by Osgood and Baker (24) in a 
survey of 215 children from 4 to 13 years of age. In a survey of 259 
males and 152 females 14 to 30 years of age, Osgood (23) reported 
that the adult hemoglobin value for males was attained at 16 years, 
whereas that for girls was two years earlier. Similar results were re- 
ported by Mugrage and Andresen (19) in a study of 160 subjects 
13 to 21 years of age. 

Many studies have been based on the hemoglobin concentrations 
of the blood of supposedly normal adult male populations. Aver- 
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ages have been based on as few as ten cases, with a maximum of 325 
cases in one report. Values ranging from 14.07 grams to 17.00 grams 
per 100 cc. of blood have been reported by the following inves- 
tigators: 


Number of Hemoglobin 
Casesof Age Range (Grams/100 

Investigators Locality Males (Years) cc.) 
Everett (6) Pennsylvania 100 18-24 14.96 
Foster and 

Johnson (7) New Orleans = 115 18-30 15.63 
Parodi (26) Buenos Aires 50 18-30 15.40 
Wintrobe (38) New Orleans 86 18-30 16.00 
Haden (10) Kansas City 70 18-50 15.34 
Nelson and 

Stoker (21) Kansas 325 18-65 14.38 
Horneffer (12) Germany 40 19-29 16.00 
Haden (9) Kansas City 40 18-50 15.50 
Meyers and 

Eddy (17) Cleveland III 19-30 15.83 
Osgood (22) Oregon 137 19-30 15.76 
Tien, Chia yu (31) | Manchuria 320 19-64 16.75 
Sachs, Levine, 

and Fabian (28) © Omaha 200 20-25 14.96 
Walters (32) Kansas 100 20-30 15.12 
Wintrobe (36) New Orleans _—100 20-30 17.00 
Helmer and 

Emerson (11) Indianapolis 18 20-40 15.66 
Komacki (14) Warsaw 17 20-40 14-79 
Murphy, Lynch, 

and Howard (20) Boston 18 20-40 15.06 
Andresen and 

Mugrage (1) Denver 40 20-45 16.87 
Price-Jones (27) London ‘ 100 20-51 14.50 
Broun and Briggs (3) St. Louis 23 Adults 16.60 
Jenkins and (age not given) 

Don (13) London 118 Adults 15.85 


(age not given) 
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) Many of these same investigators have reported hemoglobin aver- 
) ages for supposedly normal adult-females. These averages, together 
, with those published by other investigators, have been uniformly 
lower than those listed for males. Thus, values ranging from 12.80 
| to 15.28 grams per 100 cc. have been given by the following: 





Number of Hemoglobin 
Casesof Age Range (Grams/t100 

Investigators Locality Females (Years) cc.) 
Wintrobe (38) New Orleans _t01 18-30 14.10 
Everett (6) Pennsylvania 84 18-32 13.16 
Haden (10) Kansas City 30 18-50 13.37 
Widdowson and 

McCance (34) England 63 18-90 12.80 
Haden (9) Kansas City 12 19-30 13.30 
Osgood and 

Haskins (25) Oregon 100 18-30 13-70 
Sachs, Levine, 

and Fabian (28) Omaha 100 20-25 12.96 
Meyers and 

Eddy (17) Cleveland 48 20-30 13.10 
Wintrobe (37) New Orleans 50 17-30 13.76 
Helmer and 

Emerson (11) Indianapolis 10 20-40 13.68 
Murphy, Lynch, 

and Howard (20) Boston 21 20-40 13.90 
Andresen and 

Mugrage (1) Denver 40 20-45 14.33 
Price-Jones (27) London 100 20-51 13.60 
Sackett (29) Kansas City —— a 15.28 
Jenkins and 

Don (13) London 118 Adults 15.85 
Broun and (age not given) 

Briggs (3) St. Louis 23 Adults 16.60 

(age not given) 


No standards for hemoglobin are generally accepted at the pres- 
ent time, and there are indications that the age and sex differences 
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found in this study, which confirm the results of previous investi- 
gators, may be the result of dietary as well as physiological differ- 
ences. Thus numerous investigators have raised the hemoglobin 
values of groups of preschool children and of females above the age 
of puberty by alterations in the diet. This may therefore lead ulti- 
mately to the adoption of standards quite different from the sex and 
age averages now available. 


SUMMARY 


This is a report of the hemoglobin values obtained for 2,400 sub- 
jects in a mass study in human nutrition carried on in Pennsylvania 
from 1935 until 1940. One hundred urban families composed of 
418 persons, and one hundred rural families with 490 family mem- 
bers were studied, in addition to 1,492 school children in four typi- 
cal communities. Results have been given by age and sex, and differ- 
ences in the hemoglobin values of persons in the various communi- 
ties have been discussed. 

Even in the absence of standards, those seeking to appraise the 
status of nutrition at the present time can well consider hemoglobin 
determinations as valuable, in view of the wide distribution of 
values found in the subjects of this study. Thus, rural subjects have 
been found to be more nearly uniform in value than urban, al- 
though even in the former group, women of childbearing age 
average lower than is certainly desirable. Children of preschool age 
in the urban families are much lower than those in the same age 
groups among the rural families, and it may be assumed that their 
average status is poorer in this respect since there is no occasion to 
doubt that increased hemoglobin values are generally associated 
with improved nutritional status, within any age group. Children 
in an economically depressed industrial community were found to 
be exceptionally low in hemoglobin values, as compared with those 
in other communities in better economic condition; scattered cases 
in all sex and age groups in all parts of the study were far below the 
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average of the group. These results indicate that, on an individual 
case basis, instances of poor nutritional status with respect to hemo- 
globin may be found, even if the optimum status with respect to this 
value has not yet been ascertained for various ages of the two sexes. 
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CONTRACEPTIVE SERVICE IN THREE AREAS 


PART II. THE EFFECTIVENESS OF CLINIC SERVICES 


Recoine K. Stix, M.p. 


INTRODUCTION 


OST birth control services in the United States have fairly 
uniform policies, regardless of the types of women they 
serve or the environment from which their patients 

come. The diaphragm and jelly or some variation of that technique, 
which involves the combination of a spermicide and an occlusive 
covering for the cervix, have been almost universally considered the 
only methods suitable for prescription. In rural areas, where there 
are no clinics, the choice has been jelly alone or sponge and foam 
powder; in clinics, where individual fitting is possible, the dia- 
phragm or cervical cap with jelly has been prescribed for almost 
every patient. 

The wisdom of such single-mindedness is open to question. The 
use of contraception is a highly personal and individual problem 
and it seems unlikely that a single type of contraception could be 
acceptable to all couples. Recently completed surveys of three clin- 
ics, in New York City; in Cincinnati, Ohio; and in Spartanburg, 
South Carolina, permit the study of the results of the present re- 
stricted policies for widely differing groups of patients. 

The characteristics of the patients in each area and their fertility 
before clinic attendance have been discussed in detail in a previous 
article.’ The patients of the three clinics were very different. The 
women who attended the Birth Control Clinical Research Bureau, 
in New York City, were mainly foreign-born Jewish women who 
had shown a special interest in controlling their fertility. Most of 
them came to the clinic on their own initiative and paid for the 


* From the Milbank Memorial Fund. 
* Stix, Regine K.: Contraceptive Service in Three Areas: Part I. The Clinics and Their 
Patients. The Milbank Memorial Fund Quarterly, April, 1941, xix, No. 2, pp. 171-188. 
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service given them. Almost all of them had used contraception 
quite effectively for most of their married life before they attended 
the clinic, but they came to the clinic in the hope of finding more 
acceptable contraceptive techniques. 

In Cincinnati most of the patients were relief recipients or wives 
of manual workers with small incomes, who were referred for con- 
traceptive advice by social workers or physicians because their 
families were large and the mothers needed to be spared the burden 
of additional pregnancies. Almost all of them had made some at- 
tempt to use contraception before attending the clinic but their 
contraceptive practice had not been very effective. Their uncon- 
trolled fertility was lower than that of the New York women but, 
because they used contraception less extensively as well as less ef- 
fectively, their total fertility was considerably higher. 

The Spartanburg clinic is a referral service in the Spartanburg 
General Hospital, under the supervision of the County Health De- 
partment, which serves both white and Negro women from rural 
and urban sections of a southern cotton county. Its patients are sent 
to the clinic mainly because of illness contraindicating further 
pregnancy. Those referred during the period of study were the 
wives of urban manual workers, of sharecroppers, and of farm 
tenants, whose economic status was very low. Their total fertility 
was high because they married early and used little contraception. 
Their uncontrolled fertility, however, was lower than that of the 
women in Cincinnati or New York because of the extensive preva- 
lence of pelvic and endocrine disease, of syphilis, and of pellagra. 

The patients of the Spartanburg clinic presented a problem simi- 
lar to that in Cincinnati, in that there was little use of effective 
contraception before clinic attendance. The problem was more 
complex than that in Cincinnati because a much larger proportion 
of couples had never used any contraception and few of the clinic 
patients could afford to buy commercial contraceptives. The pro- 
portions of urban couples using any contraception before attending 
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the clinic-were significantly higher than those of farm families. 
Sixty-five per cent of white and 28 per cent of Negro urban couples 
had made some attempt to use contraception, while only 48 per cent 
of the white and 19 per cent of the Negro couples employed on 
farms had ever used any contraceptive technique. Thus, the prob- 
lem of training patients to the consistent use of contraceptives was 
especially difficult in Spartanburg where, for most of the women, 
serious impairment of health made it essential that pregnancy be 
prevented. 

The policies of all three clinics were alike in that an occlusive 
rubber device, usually a diaphragm, and jelly, to be used by the 
wife, were prescribed for go per cent or more of the patients in each 
clinic (Table 5). Cervical caps were prescribed for 15 per cent of 
the New York patients, but were not given to any patients in Spar- 
tanburg or in Cincinnati. The clinician in Spartanburg attempted 
to vary the prescription if the diaphragm was unsuitable for any 
specific patient, but, because in most cases the patient’s health made 
it imperative that pregnancy be avoided or at least delayed, she was 


Table 5. Types of contraception prescribed for the patients of three clinics. 





Warre Patients or: 





Negcro Patients 


Clinical 
Research 
Bureau 


(N.Y.C.) 





Cincinnati 
Maternal 
Health 
Clinics 





Spartanburg 
Maternal 
Health 
Clinic 





or SPARTANBURG 
MarTERNAL 
Heatra Crinic 





ad 


Diaphragm and Jelly 
Cervical Cap and Jelly 
Condom and Jelly 

Sponge and Jelly or Powder 
Jelly Alone 

Diaphragm and/or Sponge 
Diaphragm and/or Condom 
Other 


NUMBER OF WOMEN 





ggt 


1,609 


530 


457 





PER CENT FOR WHOM EACH METHOD WAS PRESCRIBED 








79-0 
14.7 
1.6 
2.4 
2.2 





98.0 





89.6 


0.8 
23 
0.2 
49 
2.8 
0.4 





92.6 


0.2 
2.6 


4-4 


0.2 
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unwilling to prescribe any techniques other than those she consid- 
ered completely reliable. 


MEASURING THE EFFECTIVENESS OF CLINIC SERVICES 


The problem of measuring the impact of clinic attendance on a 
group of patients is a highly complex one. The process involves not 
only the measurement of the effectiveness of the prescribed tech- 
niques in preventing pregnancy for those women who use them, 
but also of the acceptability of those techniques for the whole group 
of patients, since even the best contraceptive can protect only those 
women who use it. The measurement of acceptability includes 
ascertaining the proportion of patients who never used the pre- 
scribed contraceptives, who used them throughout the survey peri- 
od, and who used them and then gave them up, and the analysis of 
the reasons for their rejection on the part of those women who 
never used them or who abandoned them after a period of trial. 

It has been found that clinic patients use all contraception more 
effectively after they have attended a birth control clinic.’ Thus, 
the clinic may be partly responsible for a drop in fertility post- 
clinic, attributable to the better use of contraceptives other than 
those prescribed. After clinic attendance the fertility of the patients 
who continue to use contraception can be expected to remain low, 
therefore, regardless of the types of contraception used. On the 
other hand, if some of them should abandon the use of contracep- 
tion entirely, after a period of trial of the prescribed contraceptives, 
group fertility would be expected first to drop and then to rise. Such 
a rise might not make itself evident in the brief postclinic period 
during which the patients are usually under observation. The data 
must therefore be analyzed with care and interpreted with caution. 

The Effectiveness of Clinically Prescribed Contraceptives. In all 


* Stix, Regine K. and Notestein, Frank W.: Conrrottep Fertiiry. Baltimore, The 
Williams and Wilkins Company, 1940, p. 110, Table 49. 
Stix, Regine K.: Birth Control in a Midwestern City. Part II. The Milbank Memorial 
Fund Quarterly, April, 1939, xvii, No. 2, p. 167, Table 22. 
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three of the areas under consideration, the contraceptives prescribed 
by the clinics proved highly effective for those patients who used 
them. Pregnancy rates for all use of the prescribed contraceptives 
and rates for those periods during which they were used exclusively 
are shown for the three groups of white and one of Negro patients 
in Table 6." Variants of the clinic prescription (its alternate use with 
other contraceptives or no contraception, or the use of only part of 
the method) were used during part of the postclinic exposure of all 
groups. The proportion of exposure during which variants were 
used, however, was small for all clinics; and the inclusion of this 
experience had little effect on the rates for the clinic prescription. 

All rates for the prescribed contraceptives were low, and differ- 
ences between the rates for the four groups of women were small.” 
The rates of the New York women for all use of the clinic prescrip- 
tion were significantly lower than those for any of the other groups. 
For periods during which the prescribed contraceptives were used 
exclusively, however, no difference was highly significant. None of 
the rates for Negroes was different from the corresponding rate for 
white women in Spartanburg. Differences might have been greater 
had there been a larger body of experience, but it appears justifiable 
to conclude that even for the Negro women the diaphragm and 
jelly proved highly effective. 

*The rates shown are those for pregnancies per 100 years’ exposure to the risk of 
pregnancy for each group. The “exposure” of each woman was calculated by deducting 
time pregnant and all periods of separation of husband and wife from the total number of 
years between the initial clinic contact and the date of closing the record. Exposures of 
women with similar experience (as with clinic prescription) were then added and divided 
into the number of pregnancies occurring in the aggregate experience. The resulting rate 


was multiplied by 100 for convenience, in order to express it as a whole number. Rates for 
clinic prescription include the use of all the contraceptives prescribed. 


® The alternate use of clinic prescription and no contraception was found rarely in New 
York and Cincinnati, but constituted 6 per cent of the exposure with clinic prescription of 
Spartanburg white women and 10 per cent of that of the Negro women. This sporadic 
use of contraception by the Spartanburg group could not be ignored and therefore was 
included as part of the group practice. 


® The x? test was used to determine the differences between rates. The test is not ideally 
suited to the type of data presented, but is the only one applicable. Except for differences 


noted in the text, all values of p for comparisons of rates shown in Table 6 fell between 
.03 and .o9. 
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Table 6. Pregnancy rates with clinically prescribed contraceptives for four groups 


of women. 
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All use of the prescribed contraceptives prevented between 80 
and 94 per cent of the pregnancies which would have been expected 
if the clinic patients had used no contraception for an equal period 
of exposure to the risk of pregnancy (Table 7). The effectiveness 
ratios were lowest for the Spartanburg women and highest for the 
New York clinic patients. It is not surprising that the Spartanburg 
patients were less skillful in using the diaphragm and jelly than 
the average patient in New York or Cincinnati. The effectiveness 
with which the clinic prescription was used in Spartanburg was 
approximately the same as that observed for relief recipients in 
Cincinnati, who had similar social and economic backgrounds.’ It 
is probable that women in both groups were not only handicapped 
by the conditions under which they lived but were also poorly 
equipped by education and intelligence to use a complicated con- 
traceptive technique consistently and correctly. 

The hazard of accidental pregnancy with the prescribed contra- 
ceptives was greatest immediately after the initial clinic contact, 
and declined, first rapidly, and then gradually until the risk was 


Table 7. Per cent of effectiveness of each type of contraception as used by four 
groups of women after clinic attendance.* 
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* Stix, 1939, p. 167, Table 22. 
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Fig. 7. Pregnancy rates in successive months of use of clinically prescribed con- 
traceptives for four groups of women. 
very low (Fig. 7). The rate for the first three months of use for 
Spartanburg Negro women was more than ten times as high as the 
corresponding rates for Cincinnati and for New York women, and 
the rate for white women in Spartanburg was almost as high as 
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that for Negroes. After fifteen months of use the rates of the Spar- 
tanburg women were as low as those of women in Cincinnati and 
in New York. 

It is probable that the drop in rates with increasing length of use 
of the clinic prescription was associated with (a) an increasing dex- 
terity in the use of the method, as the technique of use became more 
familiar; and (b) the fact that women who were inept in the use 
of the prescribed methods abandoned them and turned to other 
practices. 

The Acceptability of the Prescribed Contraceptives. Not all wo- 
men were willing to use the prescribed contraceptives, and a knowl- 
edge of the behavior of those who were unwilling to use them is as 
important for the formulation of effective clinic policy as is the 
fact that the methods prescribed were highly effective when used. 
Table 8 shows the proportions of women in each group of clinic 


Table 8. Proportions of patients of three clinics who never used the prescribed 
contraceptives, who used them and then abandoned them, and who were using 
them at the time their records were closed. 
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Using at Closing Date 42.8 52.5 55-3 51.5 








1 Total “Cis beca of 22 Neng “planning pres had ceased, and 26 women who gave up 
he of use t were ig pregnancy 
‘ : Total 3 e of 146 4 hose exposure had ceased, and 56 women ill or planning 
a. Total exclusive of 79 women whose postclinic experience was unknown, 2 se not 
ai 38 women whose exposure had ceased, and 2 women planning pregnan 
Total exclusive of 67 women whose postclinic experience was unknown, af) women 
ents aos Gh te, eae woman planning pregnancy. 
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patients who never used the prescribed contraceptives, who used 
them for a time and then discarded them, and who were using 
them at the time their records were closed. 

The mean number of months between the initial clinic contact 
and the date of closing the record was about forty in Cincinnati and 
only about twenty in New York and in Spartanburg; therefore, the 
proportion of women using the prescribed contraceptives at closing 
date in Cincinnati is not strictly comparable with those for the 
other two areas. In spite of the longer average postclinic period in 
Cincinnati, with its correspondingly greater opportunity for loss of 
patients, the proportion of women using the prescribed contracep- 
tives in any form when their records were closed was significantly 
higher in both Cincinnati and Spartanburg than in New York.’ 

The differences between the New York and Cincinnati patients 
were even greater when the proportions using at equal intervals 
following the initial clinic contact are compared. Figure 8 shows, 
for the four groups, the proportions of women still in need of con- 
traception who were using the prescribed contraceptives in any 
form at successive intervals during the first year following their 
initial contact with the clinic.’ In all three clinics the most rapid 


* The data for all three clinics relate only to those patients who could be found and 
interviewed between one and five years after their initial contact with the clinic. It may be 
assumed that those women who failed to maintain contact with the clinics and therefore 
could not be found were probably not using the contraceptives prescribed for them. The 
possible bias introduced by the loss of between 15 and 20 per cent of the patients originally 
in each sample has been discussed in detail for the New York and Cincinnati clinic patients 
(see Stix and Notestein, Chapter III, pp. 92-93, Table 38; Stix, 1939, pp. 153-155, Table 14, 
and pp. 156-157, Table 16). In Spartanburg it was found that among the white patients 
lost there was a significantly higher proportion who had not reached the sixth grade than 
was found among those interviewed. Other differences were not significant. The lost Negro 
patients, on the other hand, were younger, had been married a shorter time, and had had 
significantly fewer pregnancies than those interviewed. Their preclinic pregnancy rates 
without contraception were also significantly lower than those of the interviewed patients. 
Among both white and Negro women the proportion of couples who had used any con- 
traception before clinic attendance was smaller among the lost than among the interviewed 
patients. Thus, it may be assumed that the white patients lost were predominantly those 
with little or no education who had little interest in controlling their fertility, while the 
Negro patients lost were mainly those whose need for controlling their fertility was less 
than that of the women who could be found and interviewed. 


*It was found in Cincinnati and Spartanburg that the proportions of patients who 
(Continued on page 314) 
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loss of patients occurred within a brief period after the first clinic 
contact. At the end of one month 26 per cent of the New York 
patients, about 17 per cent of the Spartanburg patients, and 7 per 
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cent of the Cincinnati 
patients had ceased us- 
ing the prescribed con- 
traceptives. Spartanburg 
white patients were 
slightly but not signifi- 
cantly more cooperative 
than the Negro patients. 
A year after they had 
first sought expert con- 
traceptive advice, the 
proportions of women 
in the three areas still in 
need of contraception, 
who were using the con- 
traceptives given them, 
ranged between about 











55 per cent for the New 
York patients and for 
the Spartanburg Ne- 
groes and 68 per cent for the Cincinnati women. Had it been pos- 
sible to compute similar figures for the lost as well as for the 
interviewed patients, the proportions using would have been con- 
siderably lower for all groups. 

It is probable that in New York the high immediate rate of loss 
and the relatively small proportion of clinic patients using the pre- 


Fig. 8. Proportions of clinic patients using 
the prescribed contraceptives at successive inter- 
vals following their initial clinic contact. 


stopped using the clinic prescription were greater in the first year or two after the clinics 
were established than they were in later years. The proportions shown in Figure 8 are 
averages for the first four or five years of clinic service for these two clinics. For New York, 
where the clinic was well established, they are averages for the year and a half of service 
selected for study. 
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scribed contraceptives throughout the postclinic period were asso- 
ciated with the availability of other and more familiar types of 
contraception, which the New York patients found they preferred 
after they had given the prescribed contraceptives a trial. In Spar- 
tanburg, where cooperation with the clinic was better than in New 
York, but not so good as in Cincinnati, poor living conditions and 
general inertia operated against the consistent use of any contra- 
ceptive. 

Table 9, which shows for each group of women the distribution 
of the reasons given for discontinuing the use of the prescribed con- 
traceptives by those women who were dissatisfied with them, 


Table 9. Distribution of reasons given for the rejection of the prescribed contra- 
ceptives by four groups of clinic patients. 
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1 Includes 57 patients who did not return because they could not pay for supplies. 
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throws some light on the similarities and differences in attitude in 
the three areas. About 20 per cent of the dissatisfied white patients 
in all three areas gave up the prescribed contraceptives because they 
were uncomfortable. The consistency of this figure should carry 
considerable weight with clinic administrators. Only 13 per cent of 
the Negro couples reported discomfort as a reason for giving up the 
clinic prescription, but 12 per cent reported difficulty in placing it, 
as compared with between 4 and 6 per cent of the white women. 

About 30 per cent of all the patients prescribed for in New York 
City found that the clinic prescription was esthetically unaccept- 
able, uncomfortable, difficult to place, or too much trouble to use. 
Corresponding proportions for white women in Spartanburg and 
Cincinnati were about 20 per cent and for the Negro women 24 
per cent. The proportions in all three areas are too large to be 
ignored by clinic administrators and point to the need of prescrib- 
ing other techniques for these dissatisfied patients. It is probable 
that in New York the large proportion of women giving up the 
prescribed contraceptives for these reasons did so because other and 
more acceptable contraceptives were easily obtainable, whereas, 
partly because of poverty, patients in the other two areas were com- 
pelled to lean more heavily on the clinics as their main source of 
supply. 


Tue Over-A.t EFFECTIVENEsS OF CLINIC SERVICE 
AND Its IMPLICATIONS FoR CLInIc Po.icy 


It has been shown in Table 8 that between 45 and 57 per cent of 
the women who sought advice from each clinic either never used 
the contraceptives given them or ceased using them before their 
records were closed. Some of these women turned to the use of 
other contraceptives; some abandoned the use of contraception en- 
tirely. The proportions of each type of exposure in the postclinic 
experience of each group are shown in Figure 9. 

In New York, clinically prescribed contraceptives were used for 
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Fig. 9. Proportions of postclinic exposure during which four groups of clinic pa- 
tients used clinic prescription, other contraceptives, and no contraception. 


about 60 per cent of the total postclinic exposure, and for practically 
all of that remaining, other types of contraception were employed. 
In Cincinnati the prescribed contraceptives were used for nearly 
70 per cent of the postclinic exposure, and no contraception was 
used for 2 per cent. In Spartanburg the clinic prescription was used 
for about 65 per cent of the exposure of both white and Negro wo- 
men, but the proportions during which no contraception was used 
were 17 per cent for white and 27 per cent for Negro women. 

Table 10 shows in detail the proportion of couples with each pat- 
tern of contraceptive practice after they had been advised at the 
clinic. The proportions using no contraception either throughout 
the postclinic period or after they had given up the clinic prescrip- 
tion were very high in Spartanburg. Thirty-nine per cent of the 
Negro and 23 per cent of the white women had given up any at- 
tempt to use contraception by the time their records were closed. 
Only 2 per cent of the women in Cincinnati and only 3 of the gor 
women in New York did the same. 

In New York and in Cincinnati the contraceptives most fre- 
quently used by couples who decided against using the clinic pre- 
scription were coitus interruptus and condom, in the order named 
(Table 11). In Spartanburg these were also the methods of choice 
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NUMBER OF WOMEN WITH KNOWN POSTCLINIC EXPOSURE 
982 1,638 448 | 383 
PER CENT WITH BACH TYPE OF CONTRACEPTIVE PRACTICE 
Toran 100.0 100.0 99-9 100.0 
No Contraception at All 0.2 0.2 7.1 11.7 
Clinic Prescription or 
Variant Only 40.2 51.4 56.7 50.9 
Other Contraceptives 
Only 11.5 2.2 6.2 4-7 
Clinic Prescription, Then 
Other Contraceptives 48.0 44.2 13.8 5-5 
Clinic Prescription, 
Then No Contraception O.1 2.0 16.1 27.2 

















Table 10. Contraceptive practice after clinic attendance for four groups of clinic 
patients. 
of white couples but in the reverse order. Almost half of those 
couples who used contraceptives other than those prescribed used 
condoms. Fifty-six per cent of the Negro women who preferred 
other contraceptives to those prescribed at the clinic used douche. 
All contraception was much more effective postclinic than pre- 
clinic for the patients of all three clinics. The per cent of increase in 
effectiveness postclinic over preclinic is shown in Figure ro. For the 
New York women the postclinic effectiveness of all contraceptives 
including those prescribed at the clinic was only 18 per cent greater 
than the effectiveness of all contraception before clinic attendance, 
because their preclinic use of contraceptives was so effective that 
there was little opportunity for improvement. For Cincinnati wo- 
men, for whom there was greater opportunity for improvement, 
the increase was 63 per cent, and for Spartanburg white women 72 
per cent. For the Negro women, whose preclinic contraceptive 
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584 750 go | 39 
PER CENT USING EACH TYPE 
Tora 100.1 99.9 100.1 100.0 
Condom 32.5 24.1 47.8 25.6 
Coitus Interruptus 40.1 31.3 21.1 5-1 
Condom or Coitus Inter- 
ruptus 13.4 29 7.8 2.6 
Douche 4:3 21.7 15.6 56.4 
All Other Types! 9.8 15.1 7.8 10.3 














1 Includes all alternations of methods not otherwise specified, as well as suppository, 
sponge, jelly, etc. 


Table 11. Proportion of couples, among those using contraceptives other than 
those prescribed, who used each contraceptive method after clinic attendance. 


practice had little effect on their fertility, the increase was 179 per 
cent. Even when experience with the prescribed contraceptives was 
excluded, increases in effectiveness ranged from 15 per cent for the 
New York patients to 96 per cent for the Spartanburg Negroes. 
There was a marked improvement in fertility control for all 
women who used contraception after clinic attendance, and espe- 
cially for those who used clinically prescribed contraceptives. Over 
an extended period the fertility of the New York women could be 
expected to remain low, even though a large proportion of the pa- 
tients abandoned the use of the prescribed contraceptives. Cincin- 
nati patients might be expected to show a slightly greater increase 
in fertility than the New York women, as they turned from the 
clinic prescription to other types of contraception because, for this 
group, the postclinic effectiveness of other contraceptives was 20 
per cent lower than that of the clinic prescription (Table 7). In 
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Spartanburg, even though other types of contraception were as ef- 
fective for white women as those prescribed by the clinic, a sub- 
stantial proportion of women abandoned the use of contraception 
and group fertility could 
BBE Resenec Banca be expected to rise as the 
————= number of these women 
(-"] Naga. PaDNHTR. oF Ese, Seamranaune increased. For Negro 
women, the increase 
would be even more 
marked because a larg- 
er proportion of them 
abandoned the use of 
contraception entirely, 
and the few who turned 
to the use of other con- 
traceptives used mainly 
those that were least ef- 
fective. An estimate of 
the rate at which group 
| fertility might be ex- 
pected to increase, as the 
Fig. 10. Per cent of increase in the effective- period following the ini- 


ness of the contraception used after clinic at- : ° 
tendance over that used before clinic atten- tial contact with the 


dance, for four groups of women. clinic lengthened, is 
shown for each of the four groups of clinic patients in Figure 11.” 
For all four groups there is a sharp drop in the number of live 
births per year of married life in the first year after clinic atten- 
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» The rates (for second and later pregnancies) were derived by weighting the observed 
number of live births per year of married life for each type of experience by the propor- 
tions of women expected to be participating in that type of experience in each postclinic 
year. Rates for each type of experience were standardized to the total years-of-married-life 
distribution of white and Negro patients of all three clinics. The estimates for the third, 
fourth, and fifth years of use were made by prolonging the curves of loss of clinic patients 
and applying to the proportions of women abandoning the use of prescribed contraceptives 
in each year. the observed proportions in the whole sample who turned to other contracep- 
tives and to no contraception. 
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dance, but as more patients abandon the methods prescribed for 
them the fertility of each group increases. In New York the in- 
crease is negligible over an estimated five-year period. For Spar- 
tanburg Negroes, at the other extreme, the rate rises first sharply 
and then more gradually until in the fifth postclinic year the ex- 
pected rate is very little below the preclinic rate. For the white pa- 
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tients in Cincinnati and Spartanburg the expected curves are inter- 
mediate between that for New York and that for the Negroes. 

The trends observed in Figure 11 have important implications 
for clinic policy because the four groups of patients studied were 
typical of the widely differing groups served by physicians and 
clinics in various sections of the country. The New York group was 
probably more nearly like the patients of the average urban physi- 
cian in private practice than like the patients of the other clinics 
under consideration. It is possible that for this group even the slight 
rise in fertility shown in Figure 11 might have been avoided had 
the patients who were dissatisfied with the clinic prescription been 
taught the best use of those techniques which they preferred. A de- 
tailed analysis of their reactions suggested that a more flexible 
policy, permitting the prescription of a wide selection of generally 
used techniques would probably have made for greater patient satis- 
faction.” It must be stressed repeatedly that the use of contraception 
involves many personal problems and adjustments, and it is im- 
portant, especially for couples to whom a number of techniques are 
already familiar, to provide each couple with the contraceptive or 
contraceptives best suited to their needs and desires. A method 
which may be relatively ineffective for some couples may be highly 
effective for the couple to whom it is acceptable and who use it with 
care and diligence, whereas even a highly effective method is of 
little or no use to the couple who dislike it and will not use it 
consistently. 

The patients of the Cincinnati clinic were probably representa- 
tive of the average urban maternal-health-clinic clientele.” For this 
group also, the clinic should have offered a wider choice of contra- 
ceptive techniques and instructed the patients in the best use of 
those techniques. The majority of couples who discarded the clin- 
ically prescribed method turned to contraceptives they had used 


™ Stix and Notestein, Chapter XII. 
2 Stix, 1939, Foreword, to bound monograph, pp. v and vi, including footnote 4. 
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previously.” Some attempt should have been made to teach these 
patients how best to use the methods familiar to them. Other pa- 
tients, who tried methods new to them, might have been assisted in 
the development of the best techniques of use of the new methods. 
The cost of commercial contraceptives may have prevented the use 
of the more effective methods, such as condom, by many couples 
who did not like the clinic prescription. For those couples who were 
not on relief, condom ranked high among alternative methods, but 
couples on relief depended mainly on coitus interruptus or douche.” 
Had the clinic provided other methods, such as condom, at little 
or no expense, the clinic service might have been considerably more 
effective. 

The patients of the Spartanburg clinic are typical of the popula- 
tions in southern areas of population pressure. The surprising find- 
ing for this group is that so many patients were willing to use a 
complicated contraceptive technique in spite of adverse living con- 
ditions and educational handicaps. It is probable that many women 
who realized the hazard of an additional pregnancy made a special 
effort to prevent the occurrence of such a pregnancy. Commercial 
methods were not readily available to them and, even if they had 
been, most couples had no money with which to purchase them. 
Thus, for indigent couples, the methods prescribed at the clinic and 
those which required no expenditure of money were the only ones 
available. The very fact that nearly half of the ninety white couples 
using other types of contraception postclinic used condoms (Table 
11) is probably an indication that this method should have been 
more widely prescribed at the clinic. The Negro couples who used 
types of contraception other than those prescribed showed an over- 
whelming preference for douche after, as well as before, clinic at- 
tendance. While douche is a relatively ineffective contraceptive, its 
use by these Negro women after clinic attendance prevented nearly 


* Stix, 1939, Table 21. 
“Stix, 1939, Table 20. 
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60 per cent of the pregnancies that would have been expected had 
the same women used no contraception at all. 

One problem presented by the Spartanburg patients was the wide 
prevalence of pathological conditions that might have been ex- 
pected to interfere with the fit of a diaphragm. Thirty-five per cent 
of the white and 49 per cent of the Negro women had fecal impac- 
tion when they were examined at the clinic. Some of these women, 
as well as an additional 43 per cent of white and 33 per cent of 
Negro women, had cystocele or rectocele, or both. About 8 per 
cent more in each group could not reach the cervix because of 
marked obesity or short fingers. Thus, between 85 and go per cent 
of the women who came to the clinic were theoretically bad risks 
for diaphragm. This apparently did not affect the acceptability of 
the method, for there were no significant differences in the propor- 
tions of women with and without anatomical abnormalities who 
rejected the prescribed contraceptives, or who used them for a year 
or longer. The pregnancy rates of the two groups also did not differ. 

It is obvious that a contraceptive service for a group such as that 
attending the Spartanburg Maternal Health Clinic is one which 
presents special problems. The ideal service for a group of such low 
economic and social status should offer a choice of very simple con- 
traceptives requiring as little forethought and care as possible. The 
so-called “simple” feminine techniques now prescribed are cum- 
bersome, however. For example, the Spartanburg clinician reports 
that few patients are willing to use sponge and foam powder be- 

_cause they find it uncomfortable and just as difficult to use as the 
diaphragm and have less confidence in it. 

If patients are willing to use the diaphragm and jelly, or a similar 
technique, it has definite advantages over male techniques in that 
it puts the control of fertility into the hands of the wife, whose 
health is at stake. If that technique is not acceptable, however, every 
effort should be made to substitute another and preferable contra- 
ceptive which the couple can use effectively. The problem may be 
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more difficult in a rural southern area than in a city such as New 
York, because fewer patients will have used any contraceptives pre- 
viously, and there will be less opportunity to encourage the best use 
of familiar techniques. The wise policy for every clinic group is to 
make sure that every couple is given the contraceptive or contra- 
ceptives best suited to individual needs and preferences, and to edu- 
cate each patient to return to the clinic for further advice if the 
methods first prescribed are unsatisfactory. 

The problem of including techniques other than those which up 
to now have had almost exclusive clinic approval, and which do not 
necessarily require expert fitting by a physician, may raise the ques- 
tion of the need of having these familiar contraceptives prescribed 
at a birth control clinic or by a physician. It may be assumed that 
expert advice on the use of any contraceptive technique may make 
for more effective contraceptive practice. In prescribing condoms, 
for example, the trained clinician can advise on the need of testing 
for flaws as well as on the wisdom of using a spermicide in addition 
to the condom. Advice may vary with patient differences in anat- 
omy, physiology, and marital adjustment. 

With the small amount of money available for subsidized contra- 
ceptive services, it would seem highly desirable that all such ser- 
vices be under hospital or public health supervision. Contraceptive 
advice should be available to all women for whom pregnancy is 
contraindicated, regardless of their ability to pay. To be most effec- 
tive, the contraceptive clinic should be coordinated with the other 
services necessary for the best medical care of the patient, and 
should cooperate as closely as possible with referring clinics and 
physicians. Each patient should be encouraged to return as fre- 
quently as may be necessary, if the methods initially prescribed are 
not completely satisfactory. 

The provision of contraceptives for the mass of the population in 
areas of population pressure is a matter which might well be ap- 
proached differently. Subsidized services cannot possibly reach 
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large numbers of people, but the wider distribution of approved 
low-priced commercial contraceptives would probably meet the 
need of those people who wish to plan the size of their families but 
are not now able to do so satisfactorily. If such an organization as 
the American Medical Association would set up standards for con- 
traceptives as it has for drugs and foods, much could be done to im- 
prove the quality of commercial contraceptives. Wise pressure on 
commercial distributors to bring the price of their products down 
to a point at which wider distribution would pay for decrease in 
price would probably make it possible for many people in the poor- 
er sections of the country to purchase contraceptives not now avail- 
able to them. 

Even though such a program were to be instituted there would 
still be a residual group for whom the use of any contraceptive 
would be too troublesome. As Vance” has pointed out, a demand 
for contraceptives from this group will not be forthcoming until 
it is possible to raise the group standard of living. Thus, the solu- 
tion of the problem of reducing birth rates in areas of very high 
fertility and low levels of living will require social changes which 
create and give force to a desire to limit family size. 


%* Vance, Rupert B.: The Regional Approach to the Study of High Fertility. Presented 
at the Round Table on Research in Factors Influencing Fertility, Nineteenth Annual Con- 
ference of the Milbank Memorial Fund, April 29-30, 1941. 
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SOCIAL AND ECONOMIC ASPECTS OF SWEDISH 
POPULATION MOVEMENTS, 1750-1933 


R. THOMAS’ recent analysis of the social and economic aspects of 

Swedish population trends since 1750° is unique in character. The 

study could not be duplicated for any other country because the data do 
Not exist. 

In Sweden the continuous population register system began in the 
seventeenth century, for in 1686 responsibility for the registration of 
births, deaths, and marriages was vested in the local clergy. Today the 
local Swedish political unit usually coincides with the corresponding unit 
of the state church, the parish, and the parish registers form the basis of 
Swedish population and vital statistics. The records kept in each parish 
include the book of births and baptisms, book of deaths and burials, book 
of confirmations, book of banns and marriages, book of in-migrants, 
book of out-migrants, and book of “non-existent” (residence unknown). 
When a person moves from one community to another he takes with 
him a migration certificate which includes an abstract of his record from 
the previous parish. The records afford the basic materials for the peri- 
odic Swedish reports not only for birth rates, death rates, and marriage 
rates but also for size, distribution, and composition of the population. 
The keeping of a continuous “tab” on people dispenses with the necessity 
of our form of the decennial house-to-house census. 

Fortunate for Dr. Thomas’ purposes was the existence of long series 
of demographic data based upon the above-described records. Several 
decades ago Gustav Sundbarg provided from records back to 1750 a 
year-to-year tabulation of Sweden’s population by age, sex, and marital 
status and computed annual rates of birth, fertility, marriage, and mor- 


? Thomas, Dorothy S.: Soca, AND Economic AsPEcTs oF SWEDISH PoPULATION Move- 
MENTS, 1750-1933. New York, The Macmillan Company, 1941, 487 pp. $6.00. 
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tality. These series are kept up to date in official reports. Dr. Thomas and 
her colleagues supplemented these series with some annual tabulations 
of internal migration and related factors for different types of communi- 
ties for the period 1895-1933. Thanks to the work of Swedish economists 

and administrators, there were also available long series of data on such 
conditions as harvests, occupations, cost of living, wages, national in- 
come, etc. 

Dr. Thomas’ book is divided into two parts. The first part is devoted to 
the general analysis and covers the period 1750-1933. It contains, first, a 
factual description of population trends over the period considered, next 
a chapter on agricultural developments and adjustments of the agricul- 
tural population, and, finally, a chapter on industrialization in relation to 
population questions. The second part is focused on questions of internal 
migration. The detailed data on “in-migration” and “out-migration” are 
studied for various types of communities during the period 1895-1933. 

The broad historical trends resemble those in other countries of West- 
ern civilization. The story is one of increasing urbanization and industri- 
alization, of declining birth rates, and of the imminence of a stationary 
population. The unusual features of the data, however, are the possibili- 
ties for inductive study of various sorts of interrelations. The “push” and 
“pull” forces in population redistribution are studied by relating indices 
of agricultural and business prosperity to volume and direction of mi- 
gration. 

There are also interesting analyses of the impact of agricultural and 
business conditions on vital rates. During the early years of the period 
1753-1913 the annual marriage rates, crude birth rates, and marital fer- 
tility rates varied directly and in a strikingly close manner with the 
harvest index for the preceding year. On the other hand, death rates rose 
after bad harvests and declined after good yields. These associations de- 
creased in strength with the passing of time, however, and since the be- 
ginning of the present century there apparently has been only negligible 
impact of the harvests on vital indices. 

The relation of various vital rates to business cycles was studied for the 
period 1865-1913. The variations in the marriage rate followed very 
closely those of the business cycle and this relationship persisted strongly 
throughout the whole period. From 1865 to 1892 there was also 2 high 
positive association between business cycles and birth and fertility rates 
but this was not true for the later period, 1893-1913. During neither of 
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these periods was the death rate found to be substantially associated with 
the business cycle. 

Dr. Thomas discusses the declining influence of economic conditions 
on vital indices in the more recent periods. With respect to harvests, the 
development of scientific methods in agriculture has possibly reduced the 
magnitude of variations in crop yields. In so far as death rates are con- 
cerned, the developments in medicine and public health have probably 
helped to mitigate effects of vicissitudes of economic conditions. Also, 
increasing industrialization has meant that a declining proportion of the 
population is directly affected by harvests. The diminishing association 
between birth and fertility rates and the business cycle is a more puzzling 
and more complex situation. The author suggests that it “can scarcely be 
unconnected with the rapid downward trends in these rates, or with the 
differential spread of the pattern of family limitation.” The situation 
might have been clarified somewhat if the harvest data had been related 
exclusively to the vital indices for the rural or agricultural population, 
and if the business cycle data had been related exclusively to the vital 
rates for the urban or non-agricultural population. 

Dr. Thomas’ book is replete with tables and charts, including much 
original data which enterprising students can doubtless use. It is fitting 
that the analysis of these unusual data was entrusted to one so well fitted 
for the job. 

Crype V. Kiser 











